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STUDIES  IN  THE  SYNTHESIS  OF  HIPPURIC  ACID  IN  THE 
ANIMAL  ORGANISM. 

V.  THE  INFLUENCE  OF  AMINO-ACIDS  AND  RELATED  SUBSTANCES 
ON  THE  SYNTHESIS  AND  RATE  OF  ELIMINATION  OF 
HIPPURIC  ACID  AFTER  THE  ADMINIS- 
TRATION OF  BENZOATE.* 

By  WENDELL  H.  GRIFFITH  with  HOWARD  B.  LEWIS. 

(From   the   Laboratories   of  Physiological   Chemistry  of  the   University  of 
Illinois,    Urbana,   and  of  the   University  of  Michigan,  Ann  Arbor.) 

(Received  for  publication,  June  14,  1923.) 

The  problem  of  the  origin  of  the  glycine  available  for  hippuric 
acid  synthesis  after  the  administration  of  benzoic  acid  or  its  salts 
has  been  studied  by  many  investigators  with  varying  results.  It 
should  be  borne  in  mind,  in  this  connection,  that  all  species  of 
animals  do  not  react  similarly  in  response  to  the  ingestion  of 
benzoic  acid.  Thus  the  organisms  of  man  (l),  the  rabbit  (2),  the 
goat  (3,  4),  and  the  pig  (5,  6)  have  a  store  of  readily  available 
glycine  as  evidenced  by  the  fact  that  they  conjugate  almost 
completely  sublethal  doses  of  benzoates  and  eliminate  hippuric 
acid  quantitatively.  The  dog  (7),  however,  after  benzoate  inges- 
tion, eliminates  much  free  benzoic  acid,  a  considerable  amount  of 
benzoic  acid  in  conjugation  with  glycuronic  acid,  and  less  than 
50  per  cent  of  the  ingested  benzoic,  in  most  cases,  combined  with 
glycine.  Birds  (8)  eliminate  dibenzoyl  ornithine  after  the  admin- 
istration of  benzoates  and  utilize  ornithine  rather  than  glycine 
as  the  detoxi eating  agent.  The  cause  of  these  variations  in  the 
chemical  mechanism  by  which  benzoic  acid  is  rendered  less  inju- 
rious to  the  organism  is  not  known. 

Analyses  of  the  many  attempts  to  discover  the  source  of  the 
gtycine  used  by  many  species  for  detoxication  of  benzoic  acid  or  its 

*  An  abstract  of  a  thesis  submitted  by  Wendell  H.  Griffith  in  partial  ful- 
fillment of  the  requirements  for  the  Degree  of  Doctor  of  Philosophy  in  the 
Graduate  School  of  the  University  of  Illinois. 
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salts  woukl  iiulioiite  that  tlioy  may  convoniently  bo  divided  into 
three  groups:  (a)  studies  of  the  alteration  in  the  distribution  of  the 
nitrop;on  of  the  urine  after  benzoato  ingestion;  (6)  the  formation 
of  hippuric  acid  from  benzoic  acid  and  possible  precursors  of 
glycine  during  perfusion  of  surviving  organs,  notably  the  liver  and 
kidneys;  and  (r)  the  elimination  of  hippuric  acid  in  the  urine 
following  the  administration  of  bonzoate,  alone  and  with  other 
substances.  Since  it  is  obviously  impossible  to  discuss  in  detail 
all  the  vast  amount  of  evidence  which  has  accunuilated,  the 
following  brief  summary  of  the  main  investigations  which  bear 
upon  the  work  of  the  present  study  is  presented. 

The  results  obtained  by  those  who  have  used  the  first  procedure 
have  been  varied,  possibly  because  different  species  of  experi- 
mental animals  were  used  and  because  the  dosage  of  benzoate 
varied  widely.  Wiechowski  (9),  McCollum  and  Hoagland  (6), 
and  Lewis  (10,  11)  reported  that,  after  benzoate  administration, 
the  increase  in  the  hippuric  acid  (glycine)  nitrogen  was  accom- 
panied by  a  corresponding  decrease  in  the  urea  nitrogen  and 
suggested  that  gl3'cine  was  formed  from  some  nitrogenous  sub- 
stance whose  nitrogen  was  normally  eliminated  as  urea.  Magnus- 
Levy  (3),  Delprat  and  Whipple  (12),  and  Ringer  (4)  concluded 
that  the  glycine  resulted  from  a  destruction  of  "extra"  protein, 
above  the  amount  normally  catabolized,  since  they  observed  an 
increased  elimination  of  total  nitrogen.  Epstein  and  Bookman 
(13)  concluded  that  the  production  of  hippuric  acid  resulted  from 
a  selective  process  which  caused  the  elimination  of  large  amounts 
of  nitrogen,  largely  in  the  form  of  hippuric  acid  nitrogen. 

The  second  type  of  experiment  attacked  the  problem  more 
directly,  but  had  the  disadvantage  common  to  all  perfusion  experi- 
ments, the  impossibility  of  exactly  duplicating  natural  conditions 
of  the  living  organism.  Bunge  and  Schmiedeberg  (14)  noted  a 
synthesis  of  hippuric  acid  after  perfusion  of  the  kidneys  of  dogs 
with  glycine  and  sodium  benzoate.  Friedmann  and  Tachau  (15) 
made  similar  observations,  but  employed  rabbit  livers  for  the 
perfusion.  However,  neither  Friedmann  and  Tachau  nor 
Hoffmann  (16)  were  able  to  demonstrate  that  other  amino-acids, 
hydroxj'-acids,  or  fatty  acids  served  as  precursors  of  glycine  in 
these  experiments. 
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The  third  method  has  been  most  commonly  used,  but  here  also 
the  results  have  been  conflicting.  Wiener  (17)  reported  that  in 
rabbits  the  subcutaneous  injection  of  glycine,  leucine,  and  sodium 
urate  made  toxic  doses  of  benzoate  non-toxic,  but  Cohn  (18)  was 
unable  to  confirm  the  results  with  leucine.  Neither  Abderhalden 
and  collaborators  (19)  nor  Delprat  and  Whipple  (12)  could 
establish  the  conclusion  of  Umber  (20)  that  glycine  was  furnished 
by  a  process  involving  a  change  in  the  globulin-albumin  ratio  of 
the  serum.  Cohn  (21)  noted  that  the  24  hour  output  of  hippuric 
acid  in  rabbits  was  increased  when  ammonium  acetate  was 
administered  in  addition  to  the  benzoate,  but  he  was  unable  to 
prove  that  this  increase  was  not  the  result  of  greater  protein 
catabolism  due  to  the  toxicity  of  the  acetate.  Ringer  (4)  ob- 
served that  the  administration  of  glycollic  acid  with  benzoate 
to  rabbits  did  not  increase  the  hippuric  acid  formation,  and  Epstein 
and  Bookman  (22)  obtained  similar  negative  results  with  leucine 
and  benzoate.  Abderhalden  and  Strauss  (5)  found  that  in  the  pig 
the  ingestion  of  glycine  with  benzoate  increased  the  output  of 
hippuric  acid,  but  that  neither  alanine  nor  ammonium  carbonate 
had  any  effect.  The  suggestion  of  Zimmermann  (23)  that  glycine 
had  its  origin  in  the  glycocholic  acid  of  the  bile  was  not  confirmed 
by  Kiihne  and  Hallwachs  (24),  nor  by  Rosenberg  (25),  nor  by 
Lewis  (26). 

Magnus-Levj^  (27)  injected  the  benzoyl  derivatives  of  alanine, 
valine,  leucine,  phenylalanine,  ornithine,  serine,  aspartic  acid, 
and  glutamic  acid  subcutaneously  into  rabbits  and  found  that  all 
these  substances  were  excreted  in  the  urine  unchanged.  He 
concluded,  therefore,  that  hippm'ic  acid  did  not  result  from  the 
formation  and  subsequent  oxidation  of  these  benzoyl  compounds. 
Hippuric  acid  was  isolated  after  the  injection  of  the  benzoyl 
derivative  of  an  unidentified  compound  from  the  leucine  fraction 
of  a  protein  hydrolysate.^ 

I  The  presence  of  hippuric  acid  after  the  administration  of  a  benzoylated 
amino-acid  is  not  necessarily  proof  of  the  oxidation  of  the  compound  to 
hippuric  acid.  It  is  possible  that  the  benzoyl  group  might  be  split  off  either 
by  the  action  of  bacteria  in  the  intestine  or  by  enzymes  in  the  body  proper 
and  that  the  benzoic  acid  thus  formed  would  react  with  glycine  as  would 
ingested  benzoic  acid.  Certain  unpublished  experiments  by  one  of  us  (L.) 
indicate  the  possibilitj'  of  such  a  reaction  with  dibenzoyl  cj'stine. 


4  Hippuric  Acid 

It  has  been  shown  by  Wiener  (17)  and  also  by  Raiziss  and  Dubin 
(28)  that  the  maximum  synthesis  of  hippmic  acid  in  rabbits 
occurred  after  the  administration  of  1  gm.  of  benzoic  acid  per  kilo. 
The  fatal  dose  for  rabbits,  however,  has  been  found  to  be  1.7  gm. 
per  kilo  by  Wiener  (17)  and  from  1.5  to  2.4  gm.  by  Rost  and 
coworkers  (7).  Ordinarily  these  animals  can  completely  con- 
jugate non-toxic  doses  of  benzoate  in  24  hours.  The  use  of  the 
24  hour  output  of  hippuric  acid,  after  the  ingestion  of  benzoate 
and  a  possible  precursor  of  glycine,  as  an  index  of  the  availability 
of  that  substance  as  a  source  of  gtycine,  as  in  most  of  the  above 
experiments,  necessitated  the  administration  of  doses  of  benzoate 
which  could  be  completely  synthesized  into  hippuric  acid  in  24 
hours  without  the  presence  of  extra  glycine  or  of  doses  which  were 
more  or  less  toxic  and  often  lethal.  The  question  arises  whether 
such  results,  particularly  the  negative  results,  really  represent 
the  ability  of  the  organism  to  synthesize  glycine. 

It  seemed  probable  that  the  formation  of  hippmic  acid  might 
proceed  at  a  definite  rate  normally  and  that  this  rate  might  be 
increased  by  the  presence  of  an  excess  of  gtycine  or  its  precursors 
in  the  organism.  If  the  rate  of  synthesis  during  a  short  period 
could  be  determined,  this  would  give  a  method  of  experimentation 
which  could  be  used  after  the  ingestion  of  non-lethal  doses  of 
benzoate.  In  the  following  experiments  a  study  has  been  made  of 
the  rate  of  synthesis  of  glycine  in  the  6  hour  period  after  the 
administration  of  moderate  amounts  of  benzoate.  alone,  and  with 
possible  precursors  of  glycine.  The  excretion  of  hippm-ic  acid 
during  this  period  was  used  as  an  index  of  the  rate  of  formation 
of  hippuric  acid  and,  therefore,  of  glycine.  Such  a  procedure, 
involving  the  use  of  non-toxic  rather  than  toxic  doses  of  benzoate, 
might  give  new  and  would  certainly  give  more  accm'ate  infor- 
mation regarding  the  synthesis  of  glycine. 

EXPERIMENTAL. 

Normal  adult  rabbits  were  used  in  each  series  of  experiments. 
The  experimental  period  consisted  of  an  experimental  day  with 
normal  days  immediately  preceding  and  following.  During  each 
3  day  period  the  rabbits  were  fed  milk,  sufficient  in  quantity  to 
maintain  the  body  weight  constant.  This  is  a  diet  which  is 
practically  glycine-free.     Between  the  experimental  periods  the 
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rabbits  were  given  oats,  carrots,  and  hay.  On  the  experimental 
day  the  urine  was  collected  6  and  24  hours  after  the  administration 
of  the  substances  to  be  studied.  The  percentage  of  ingested 
benzoic  acid  which  was  excreted  as  combined  benzoic  during  the 
6  hour  period  was  taken  as  a  measure  of  the  rate  of  synthesis  of 
hippuric  acid.  The  urines  from  the  2  normal  days  and  the  two 
urines  from  the  experimental  day  were  analyzed  separately  for 
free  benzoic  acid  according  to  the  method  of  Raiziss  and  Dubin 
(29),  and  for  total  benzoic  acid  according  to  the  procedm-e  of 
Kingsbury  and  Swanson  (30).  Combined  benzoic  acid  or  hip- 
puric acid  was  found  by  subtracting  the  free  benzoic  acid  from  the 
total  benzoic  acid.  It  was  assumed  that  all  the  combined  benzoic 
acid  was  hippuric  acid.  After  benzoate  administration,  benzoyl 
glycuronate  is  found  in  the  urine  of  some  types  of  animals;  e.g., 
the  dog.  By  the  method  of  Kingsbury  and  Swanson  no  distinc- 
tion can  be  made  between  the  different  forms  of  combined  benzoic 
acid.  However,  rabbits  ordinarily  excrete  benzoyl  glycine, 
benzoyl  glycuronate  being  present  in  traces  only,  if  at  all.  In  all 
cases,  the  bladders  of  the  rabbits  were  emptied  by  pressm*e  at 
the  beginning  and  at  the  end  of  each  period.  The  m'ines  were 
preserved  with  dilute  nitric  acid  as  suggested  by  Raiziss  and 
Dubin  (28). 

In  the  tables,  the  figures  for  free  and  combined  benzoic  acid 
represent  extra  benzoic  acid,  a  correction  having  been  made  for 
the  normal  excretion.  Rabbits  on  a  milk  diet  excrete  daily  from 
0.008  to  0.012  gm.  of  free  benzoic  acid  and  from  0.060  to  0.100 
gm.  of  combined  benzoic  acid.  The  former  figm-es  probably 
represent  hydrolyzed  hippuric  acid  since  van  de  Velde  and  Stokvis 
(31)  showed  that  if  m-ine  were  collected  directly  from  the  ureters 
no  free  benzoic  acid  was  present. 

In  order  to  make  use  of  the  excretion  of  hippuric  acid  during 
the  6  hour  period  as  a  measure  of  the  rate  of  synthesis  of  glycine, 
it  must  be  shown  that  the  excretion  of  hippuric  acid  depends  upon 
the  amount  of  glycine  available  and  not  upon  the  rate  of  absorption 
of  benzoate  from  the  intestine,  nor  upon  the  rate  of  formation  of 
hippuric  acid,  nor  upon  the  rate  of  elimination  of  hippuric  acid 
by  the  kidneys. 

The  excretion  of  hippuric  acid  after  the  oral  administration  of 
sodium  benzoate  was  studied  first.     Rabbits  were  fed  benzoate  in 
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TABLE  I. 


Excretion  of  Free  Benzoic  Acid  and  of  Hippuric  Acid  (Calculated  as  Com- 
bined Benzoic)  in  the  6  Hour  Period  Following  the  Oral  Administra- 
tion of  Sodium  Benzoate. 


Benzoic  acid 

per  kilo 
administered 

Extra  benzoic  acid  excreted  in  6  hr.  period. 

Rabbit  No. 

Weight. 

as  sodium 
benzoate. 

Free. 

Combined. 

kg. 

gm. 

gm. 

gm. 

per  cent  of 
intake 

1 

2.3 

0.66 

0.719 

47 

2 

2.3 

0.66 

0.338 

0.706 

46 

2 

2.3 

0.66 

0.153 

0.723 

47 

5 

2.2 

0.69 

0  012 

0.612 

40 

3 

2.1 

0.73 

0.275 

0.895 

59 

3 

2.1 

0.73 

0.002 

0.690 

45 

4 

2.7 

0.75 

0.003 

1.055 

52 

7 

2.2 

0.82 

0  014 

0.721 

40 

32 

2  2 

0.82 

0.063 

0.671 

37 

8a 

1.8 

0.85 

0.081 

0.881 

58 

6 

2.1 

0.86 

0.010 

0.866 

48 

30 

2.1 

0.86 

0.038 

0.721 

40 

47 

2.3 

0.87 

0.074 

0.903 

45 

41 

2.2 

0.89 

0.030 

0.670 

34 

44 

2.6 

0.89 

0.2.58 

0.957 

42 

31 

1.8 

0.90 

0.098 

0.651 

40 

46 

2.2 

0.91 

0.078 

0.815 

41 

43 

2.5 

0.92 

0.040 

0.592 

26 

33 

2.3 

0.94 

0.070 

0.757 

35 

33 

2  3 

0.94 

0 .  0C4 

0.716 

33 

9 

1.9 

0.95 

0.070 

0.630 

35 

23 

1.5 

0.98 

0.026 

0.538 

37 

12 

1.8 

1.00 

0.770 

43 

45 

1.9 

1.00 

O.OOl 

0.605 

32 

28 

1.9 

1.04 

0.020 

0.828 

42 

29 

1.9 

1.05 

0.065 

0.597 

30 

35 

1.4 

1.11 

0.015 

0.7.38 

51 

8 

1.6 

1.12 

0.009 

0.635 

35 

27 

1.6 

1.12 

0  008 

0.694 

38 

27 

1.6 

1.12 

0.008 

0.C99 

39 

Average  of 

30  experiments 

0.072 

41.2 

doses  of  approximately  1  gm.  of  benzoic  acid  per  kilo  and  the 
excretion  of  hii)puric  acid  in  the  following  6  hour  period  was 
determined.     The  results  are  tabulated  in  Table  I.     In  thirty 
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experiments,  the  average  percentage  of  the  benzoic  acid  ingested 
which  was  excreted  as  hippuric  acid  in  the  6  hour  period  was  41.2 
per  cent.  It  is  to  be  noted  that  these  percentages  are  fairly- 
constant,  twenty-j&ve  being  within  a  range  of  30  to  50  per  cent. 
In  order  to  be  certain  that  these  values  represented  the  rate  of 
synthesis  and  were  neither  an  index  of  the  rate  of  absorption  of  the 
benzoate  from  the  intestine  nor  an  index  of  the  rate  of  excretion 
of  hippuric  acid  by  the  kidney,  these  possibilities  had  to  be 
eliminated.  Proof  that  absorption  from  the  intestine  or  elimina- 
tion by  the  kidneys  occurred  faster  than  the  hippuric  acid 
synthesis  would  mean  that  these  other  processes  could  be  dis- 
regarded as  factors  limiting  the  output  of  hippuric  acid. 

TABLE  II. 

Excretion  of  Hippuric  Acid  {Calculated  as  Combined  Benzoic)  in  the  6  Hour 
Period  Follotving  the  Intravenous  Administration  of  Sodium  Hippurate. 


Rabbit  No. 

Weight. 

Benzoic  acid  per 

kilo  adminis- 
tered as  sodium 
hippurate. 

Extra  combined  benzoic  acid 
excreted  in  6  hr.  period. 

kg. 

gm. 

gm. 

per  cent  of  intake 

14 

2.6 

0.92 

2.272 

95 

12 

1.9 

0.95 

1.714 

95 

9 

1.8 

1.00 

1.535 

85 

11 

1.7 

1.06 

1.647 

91 

16 

1.4 

1.09 

1.455 

95 

In  the  following  experiments  sodium  hippurate,  in  amounts 
equivalent  to  about  1  gm.  of  benzoic  acid  per  kilo,  was  injected 
into  the  ear  veins  of  rabbits  under  urethane  anesthesia  and  the 
excretion  of  hippuric  acid  in  the  6  hour  period  determined.  The 
solution  injected  contained  0.1  gm.  of  hippuric  acid  in  1  cc.  of 
isotonic  salt  solution.  The  results  are  shown  in  Table  II.  It 
is  evident  that  hippuric  acid  leaves  the  blood  stream  almost 
quantitatively  during  the  6  hour  period,  and  that  the  rate  of 
excretion  by  the  kidne.y  can  be  disregarded  as  a  factor  limiting 
the  output  of  hippuric  acid. 

In  order  to  rule  out  the  factor  of  delayed  absorption  of  sodium 
benzoate  from  the  intestine,  sodium  benzoate  was  injected  intra- 
venously. Solutions  of  sodium  benzoate  containing  0.1  gm.  of 
sodium  benzoate  in  1  cc.  of  isotonic  salt  solution  were  injected. 
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As  in  the  previous  experiments,  the  dosage  used  was  approximately 
1  gm.  of  benzoic  acid  per  kilo.  Table  III  shows  the  extent  of 
hippuric  acid  excretion  in  the  6  hour  period  following  the  intra- 
venous administration  of  sodium  benzoate.  In  these  experiments 
the  rate  of  intestinal  absorption  could  play  no  part,  and  since  it 
has  already  been  shown  that  there  is  no  delay  in  the  elimination 
of  hippuric  acid  through  the  kidneys,  these  figures  should  repre- 

TABLE  III. 

Excretion  of  Free  Benzoic  Acid  and  of  Hippuric  Acid  {Calculated  as  Combined 

Benzoic)  in  the  6  Hour  Period  Following  the  Intravenous  Injection  of 

Sodium  Benzoate. 


Rabbit  No. 

Weight. 

Benzoic  acid 
per  kilo 

administered 
as  sodium 
benzoate. 

Extra  benzoic  acid  excreted  in  6  hr.  period. 

Free. 

Combined. 

23 
24 
25 
14 
16 
22 
28 
9 
13 
18 
26 
15 
15 
11 
27 
17 

kg. 

1.6 
1.6 
2.0 
2.6 
1.6 
1.5 
1.9 
1.7 
1.7 
1.5 
1.5 
1.4 
1.4 
1.6 
1.8 
1.4 

gm. 

0.90 
0.90 
0.90 
0.92 
0.95 
0.96 
1.04 
1.06 
1.06 
1.06 
1.08 
1.09 
1.09 
1.12 
1.12 
1.14 

gm. 

0.293 
0.313 
0.464 
0.450 
0.357 
0.400 
0.485 
0.165 
0.331 
0.245 
0.346 
0.160 
0.160 
0.342 
0.314 
0.270 

gm. 

0.737 
0.691 
1.014 
1.216 
0.737 
0.666 
0.703 
0.512 
0.368 
0.550 
0.589 
0.734 
0.700 
0.622 
0.885 
0.592 

per  cent  of 
intake 

51 
48 
56 
51 
48 
46 
35 
28 
20 
34 
37 
48 
46 
35 
49 
37 

Average  of  16  exnen'meT 

its 

0.318 

41.8 

*• 

sent  the  actual  rate  of  synthesis  of  hippuric  acid.  The  average 
elimination  (41.8  per  cent)  was  almost  the  same  as  that  found  after 
enteral  administration  (41.2  per  cent),  showing  that  intestinal 
absorption  of  sodium  benzoate  was  at  least  as  rapid  as  the  rate  of 
synthesis. 

It  wiU  be  noticed  in  Tables  I  and  III  that,  after  benzoate  ad- 
ministration,  free  benzoic  acid  was  found  in  the  urine.     The 
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amount  was  especially  large  after  intravenous  administration, 
showing  that  temporarily  the  synthetic  capacity  of  the  tissues 
may  be  overwhelmed,  which  results  in  the  escape  of  free  benzoic 
acid  into  the  urine. 

6  hour  urines  were  frequently  found  which  reduced  Benedict's 
solution,  although  the  reduction  was  never  heavy.  In  all  cases 
in  which  reducing  substances  were  present,  the  urine  was  tested 
with  Fehling's  solution,  both  hot,  and  in  the  cold  for  several  hours. 
No  reduction  was  obtained.  Traces  only,  if  any,  of  combined 
benzoic  acid  as  glycuronates  were  present. 

Having  determined  the  rate  of  synthesis  of  hippui'ic  acid  for  the 
6  hour  period  following  the  administration  of  benzoic  acid  in  doses 
of  about  1  gm.  per  kilo,  the  next  step  was  to  determine  whether 
the  administration  of  glycine  simultaneously  with  the  benzoate 
would  have  any  effect  on  the  hippuric  acid  output  during  this 
period.  Nineteen  rabbits  were  used  for  these  experiments.  For 
comparison,  these  experiments  are  tabulated  (Table  IV)  in  con- 
junction with  the  results  obtained  after  the  administration  of 
benzoic  acid  alone.  This  makes  it  possible  to  observe  the  effect 
of  the  benzoate  with  and  without  the  glycine  on  the  same  animal. 
Inspection  of  Table  IV  makes  it  evident  that  glycine  had  a  marked 
effect  in  increasing  the  output  of  hippuric  acid,  almost  doubling 
the  quantity  excreted  in  the  6  hour  period  in  some  experiments. 
Not  only  was  the  output  of  hippuric  acid  increased,  but  also  in 
many  cases  the  free  benzoic  acid  excretion  was  decreased.  This 
is  very  marked  in  Rabbit  2  (Table  IV)  where  free  benzoic  elimina- 
tion was  decreased  from  0.338  and  0.153  gm.  to  0.004  and  0.003 
gm.  when  the  glycine  was  added.  The  results  are  not  so  striking 
in  the  experiments  in  which  there  was  very  little  free  benzoic  acid 
after  the  administration  of  benzoate  alone. 

In  the  earlier  experiments,  five  equivalents  of  glycine  were 
administered  in  order  to  be  sm-e  that  an  excess  was  present.  The 
result  of  decreasing  the  quantity  of  glycine  is  also  shown  in  Table 
IV.  In  the  experiments  on  Rabbit  27,  three  and  one-half,  two, 
and  one  equivalent  of  glycine  all  exerted  a  marked  effect  in 
increasing  the  6  hour  output  of  hippuric  acid,  two  equivalents 
being  more  effective  than  three  and  one-half.  Rabbit  31  showed  a 
decided  increase  with  three  and  one-half  equivalents,  and  with 
one  and  one-half  equivalents  there  was  a  noticeable  effect.     Rab- 
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TABLE  IV. 

Excretion  of  Free  Benzoic  Acid  and  of  Hippuric  Acid  {Calculated  as  Combined 

Benzoic)  in  the  6  Hour  Period  Following  the  Oral  Administration  of 

Sodium  Benzoate  Alone  and  Sodium  Benzoate  with  Glycine. 


Rabbit  No. 


23 


27 


Extra  benzoin  acid  exrrctcd  in  6  hr.  period 
after  ingestion  of 


Benzoic  acid. 


Free. 


Combined. 


0.338 
0.153 


0.275 
0.002 

0.003 
0.012 


0.019 

0.014 

0.026 

0.008 

0.008 

0.706 
0.723 


0.895 
0.690 

1.055 

0.612 
0.866 

0.721 


0.538 


0.694 


0.699 


per  cent 
of  intake 


46 

47 


59 
45 

52 

40 

48 

40 


37 


38 


39 


Benzoic  acid  and  glycine. 


Glycine. 


Free. 


qm. 

0.004 

0.003 

0.003 
0.002 

0.003 
0.005 

0.013 

0.009 

0.010 

0.115 

0.069 
0.024 


0.018 
0.006 

0.025 


Combined. 


gm. 

0.964 

1.051 

0.999 
1.065 

1.571 
1.030 

1.328 

1.270 

1.215 

0.895 

0.592 
0.672 


1.408 
1.456 

1.121 


■per  cent 
of  intake 

63 


69 

66 
70 

77 


74 

71 

80 

62 

41 
55 


78 
81 

62 


mol 

5 


2. 12 
2 .  12 
2  2.12 

2.12 
2.12 


*  The  weight  of  the  rabbits  used  in  these  and  subsequent  experiments  is 
given  in  Tables  I,  II,  and  III. 
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Extra  benzoic  acid  excreted  in  6  hr.  period 
after  ingestion  of 

Glycine. 

Sodium 

Rabbit  No. 

Benzoic  acid. 

Benzoic  acid  and  glycine. 

benzo- 
ate. 

Free. 

Combined. 

Free. 

Combined. 

gm. 

gm. 

■per  cent 
of  intake 

gm . 

gm. 

per  cent 
of  intake 

mo  I 

gm. 

28 

0.020 

0.828 

42 

2.34 

0.004 

1.334 

67 

5 

2.34 

30 

0.038 

0.721 

40 

2.12 

0.076 

1.369 

76 

2 

2.12 

31 

0.098 

0.651 

40 

1.91 

0.005 

1.308 

81 

31 

1.91 

0.100 

0.907 

56 

n 

1.91 

32 

0.063 

0.671 

37 

2.12 

0.008 

0.717 

40 

2 

2.12 

0.007 

1.303 

73 

3 

2.12 

33 

0.070 

0.757 

35 

2.55 

0.054 

1.516 

70 

3i 

2.55 

0.035 

1.630 

75 

2 

2.55 

0.064 

0.716 

33 

2.55 

35 

0.015 

0.738 

51 

1.7 

0.027 

1.219 

84 

3 

1.7 

43 

0.(M0 

0.592 

26 

2.72 

0.024 

0.721 

31 

2 

2.72 

44 

0.258 

0.957 

42 

2.72 

0.001 

1.824 

79 

2 

2.72 

46 

0.078 

0.815 

41 

0.005 

1.513 

76 

2 

2.36 
2.36 

47 

0.074 

0.903 

45 

0.078 

0.803 

40 

2 

2.36 
2.36 

Average . . 

0.076 

41.9 

0.026 

66.6 

Average  ol 

experiments  with  thr 

ee  or  more 

equivalei 

its  of  g 

ycine 

71.0 

1 
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bit  33  showed  a  striking  effect  with  both  three  and  one-half  and  two 
equivalents.  However,  this  increase  was  not  observed  in  all  of  the 
animals  after  the  administration  of  the  smaller  quantities  of  glycine 
with  benzoate.  With  Rabbit  32,  three  equivalents  were  effective, 
but  there  was  no  increase  after  two  equivalents.  It  is  interesting 
to  compare  the  results  obtained  after  benzoate  alone  and  after 
benzoate  with  glycine  (Table  IV).  In  the  former  experiments 
the  average  excretion  of  hippuric  acid  for  the  C  hour  period  was 
42  per  cent,  while  after  the  ingestion  of  both  benzoate  and  glycine 
the  same  rabbits  excreted  67  per  cent  of  the  ingested  benzoate  as 
hippiu-ic  acid.  If  those  experiments  are  omitted  in  which  less 
than  three  equivalents  of  glycine  were  used,  the  average  was  71 
per  cent.  For  these  same  rabbits,  the  average  excretion  of  free 
benzoic  acid  after  benzoate  feeding  was  0.076  gm.,  and  after 
benzoate  and  glycine,  0.026  gm. 

The  increased  o\itput  of  hippuric  acid  observed  when  glycine 
was  administered  with  the  benzoate  might  be  due  to:  (a)  an 
increased  rate  of  absorption  of  benzoic  acid  from  the  intestine, 
or  (6)  a  stimulation  of  general  metabohsm,  or  (c)  an  increased 
rate  of  synthesis  of  hippuric  acid  due  to  the  presence  of  an  excess 
of  glycine  in  the  organism. 

If  the  formation  of  hippuric  acid  is  delayed  by  the  slow  absorp- 
tion of  benzoic  acid  from  the  intestine,  then  glj^cine  might  increase 
the  hippuric  acid  output  by  increasing  the  rate  of  absorption. 
That  this  was  not  the  case  was  shown  by  the  following  experiments 
(Table  V)  in  which  the  benzoic  acid  was  administered  intra- 
venously, and  the  glycine  given  either  per  os  or  subcutaneously. 
Glycine  produced  the  same  effect  on  the  excretion  of  hippuric  acid 
whether  benzoic  acid  was  administered  per  os  or  intravenously. 
Therefore,  this  effect  was  not  due  to  increased  absorption  from  the 
intestine.  It  is  also  evident  that  there  was  no  delay  in  the  absorp- 
tion of  the  benzoate  from  the  intestine. 

Lusk  (32)  has  shown  that  certain  amino-acids  exert  a  striking 
effect  on  metabolism,  causing  an  increased  respiratory  exchange 
and  an  increased  heat  production,  a  phenomenon  known  as  specific 
dynamic  action.  He  showed  that  the  amino-acids,  glycine  and 
alanine,  were  particularly  active  in  stimulating  metabolism  in  this 
way.  If  the  increased  output  of  hippuric  acid  after  benzoate  and 
glycine  administration  were  due  to  the  general  stimulation  of 
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metabolism  by  glycine,  the  same  increase  should  follow  the  inges- 
tion of  benzoate  and  alanine.  However,  this  was  not  found  to  be 
the  case.  In  Table  VI  are  given  the  results  of  experiments  in 
which  alanine  was  fed  with  benzoate.  In  eight  experiments 
there  was  no  evidence  of  increased  hippuric  acid  excretion  except 
in  Rabbit  5.     In  view  of  the  other  results,  this  apparent  effect 


TABLE  V. 

Excretion  of  Free  Benzoic  Acid  and  of  Hippuric  Acid  {Calculated  as  Com- 
bined Benzoic)  in  the  6  Hour  Period  Following  the  Intravenous 
Administration  of  Sodium  Benzoate  Alone  and  Sodium 
Benzoate  plus  Glycine.  (Glycine  Administered  per 
Os,  or  Subcutaneously.) 


Rabbit 
No. 

Extra  benzoic  acid  excreted  in  6  hr.  period 
after  administration  of 

Glycine. 

Sodium 
benzoate. 

Benzoic  acid. 

Benzoic  acid  and  glycine. 

Free. 

Combined. 

Free. 

Combined. 

14 
15 
16 

47 

gm. 
0.450 

0.160 

0.357 

0.074 

gm. 

1.216 
0.734 
0.737 
0.903 

per  cent 
of  intake 

51 

48 
48 
45* 

gm. 
0.284 

0.245 

0.251 

0.318 

gm. 

1.700 
0.874 
1.012 
1.258 

per  cent 
of  intake 

71 
57 
66 
63 

mol 

5t 
5t 
5t 
3t 

gm. 

2.83 
2.83 

1.8 
1.8 

1.8 
1.8 

2.36 
2.36 

*  Benzoate  per  os. 

t  Per  OS. 

X  Subcutaneously. 

was  probably  due  to  an  individual  variation  in  this  rabbit. 
Almost  the  same  variation  is  seen  in  Table  I  for  Rabbit  3,  in  which 
the  combined  benzoic  acid  elimination  after  benzoate  ingestion 
was  59  per  cent  on  one  occasion  and  45  per  cent  in  a  later  experi- 
ment. In  the  alanine  feeding  experiments  there  was  no  decrease 
in  the  amount  of  free  benzoic  acid  eliminated.  The  average 
combined  benzoic  acid  excretion  for  these  eight  rabbits  was  42 
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per  cent  after  the  aclininistration  of  alanine  with  benzoate  and 
44  per  cent  after  benzoate  alone.     It  would  appear  that  stimula- 

T.VBI.E  VI. 

Excretion  of  Free  Benzoic  Acid  and  of  Ilippuric  Acid  {Calculated  as  Combined 

Benzoic)  in  the  6  Hour  Period  Folloiving  the  Oral  Administration  of 

Sodium  Benzoate  Alone  and  Sodium  Benzoate  plus  Alanine. 


Extra  benzoic  acid  excreted  in  6  hr.  period 
after  administration  of 

Alanine. 

Sodium 

Rabbit  No. 

Benzoic  acid. 

Benzoic  acid  and  alanine. 

benzo- 
ate. 

Free. 

Combined. 

Free. 

Combiiied. 

2 

4 
5 
6 
7 

15 
30 
31 

0.153 
0.003 

0.012 
0.019 

0.014 

o.ieo 

0.038 
0.098 

(}m. 

0.723 
1.055 

0.612 
0.866 

0.721 

0.700 

0.721 

0.651 

per  cent 
of  intake 

47 
52 

40 

48 

40 
46* 
40 
40 

urn- 

0.044 

0.114 
0.055 

0.080 
0.031 
0  226 
0.083 
0.097 

gm. 

0.707 

0.892 
0.876 

0.857 
0.639 
0.572 
0.596 
0.605 

per  cent 
of  intake 

46 

46 
57 

48 

35 

38* 

33 

37 

mol 

5 

5 
5 

5 
5 
5 
3 
3 

gm. 

1.8 
1.8 

2.4 
2.4 

1.8 
1.8 

2.12 
2.12 

2.12 
2.12 

1.8 
1.8 

2.12 
2.12 

1.91 
1.91 

Average . . 

0.062 

44.1 

0.085 

42.5 

*  Benzoate  injected  intravenously. 


tion  of  the  general  metabolism  by  amino-acids  cannot  explain 
the  increased  hippuric  acid  synthesis  observed  after  glj'cine 
administration. 
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It  seems  quite  probable  that  the  increased  excretion  of  hippuric 
acid  after  the  administration  of  glycine  and  sodiimi  benzoate 
resulted  from  an  increase  in  the  rate  of  synthesis  of  hippuric  acid 
due  to  the  abundant  amounts  of  free  glycine  present  in  the 
organism.  It  is  evident  that  with  a  constant  ingestion  oj  benzoate, 
the  quantity  of  hippuric  acid  which  can  be  synthesized  in  a  definite 
period  of  time  is  not  limited  by  a  fixed  rate  of  conjugation  of  benzoic 
acid  with  glycine,  but  is  dependent  upon  the  amount  of  glycine  available 
in  the  organism.  Since  the  rate  of  synthesis  of  hippuric  acid  does 
depend  upon  the  amount  of  glycine  available  and  since  ingested 
glycine  does  increase  the  rate  of  synthesis  of  hippuric  acid,  it 
should  be  possible  to  use  this  procedm-e  in  determining  whether 
certain  other  substances  are  precursors  of  glycine.  It  has  been 
shown  that  alanine  is  not  such  a  precursor  since  there  was  no 
increase  in  the  hippuric  acid  excretion  following  its  administration 
with  sodium  benzoate  (Table  VI). 

It  was  thought  that  nor-leucine  and  leucine  might  differ 
in  their  effects  when  administered  with  benzoate.  Magnus- 
Levy  (27)  found  that  benzoyl  leucine  was  not  broken  down  to 
give  hippuric  acid.  He  did  not  study  benzoyl  nor-leucine. 
Benzoyl  nor-leucine  might  be  formed  and  oxidized  to  benzoyl 
glycine.  Some  difficulty  was  found  in  feeding  these  amino-acids, 
nor-leucine  and  leucine,  because  of  their  insolubility.  They 
dissolve  readily  in  acid  or  alkaK,  but  the  resulting  solutions  are 
strongly  acidic  or  alkaline.  The  procedure  finally  adopted  was 
to  dissolve  half  the  amino-acid  in  dilute  hydrochloric  acid  and 
half  in  an  equivalent  amount  of  dilute  sodium  hydroxide.  The 
two  solutions  were  then  administered  alternately  in  small  portions 
through  a  stomach  tube. 

The  results  after  the  administration  of  nor-leucine  and  leucine 
are  given  in  Tables  VII  and  VIII,  respectively.  In  these  experi- 
ments the  amino-acids  were  given  per  os  and  the  benzoate  was  also 
given  per  os  unless  otherwise  indicated  in  the  tables.  Examination 
of  these  tables  shows  that  neither  of  these  two  amino-acids  caused 
an  increased  rate  of  elimination  of  hippuric  acid,  nor  was  the 
elimination  of  free  benzoic  acid  decreased.  Rabbit  6  (Table  VII) 
appeared  to  show  an  increase  from  48  to  66  per  cent.  This 
result  is  questionable,  however,  because  the  urine  was  contami- 
nated with  feces,  and  the  recovery  of  extra  benzoic  acid  in  the 
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24  hour  period  amounted  to  129  per  cent,  indicating  the  probable 
presence  of  titratable  substances  other  than  benzoic  acid.  In  some 
of   these   experiments  more   or   less   toxic   symptoms   resulted, 

TABLE  VII. 

Excretion  of  Free  Benzoic  Acid  and  of  Hippuric  Acid  {Calculated  as  Com- 
bined Benzoic)  in  the  6  Hour  Period  Follotving  the  Oral  Administra- 
tion of  Sodium  Benzoate  Alone  and  Sodium  Benzoate  plus 
Nor-Leucine. 


Rabbit 
No. 

Extra  benzoic  acid  excreted  in  6  hr.  period 
after  administration  of 

Nor- 
leucine. 

Sodium 
benzoate. 

Benzoic  acid. 

Benzoic  acid  and  nor-leuc.ine. 

Free. 

Combined. 

Free. 

Combined. 

gm. 

cm. 

per  cent 
of  intake 

gm. 

am. 

per  cent 
of  intake 

mol 

gm. 

2 

0.240 
0.500 

0.460 
0.585 

26 
32 

2 
3^ 

2.12 
2.12 

6 

0.019 

0.866 

48 

0.556 

1.196 

66* 

5 

2.12 

2.12 

8a 

0.021 

0.973 

64 

0.049 

1.036 

68 

6 

1.8 
1.8 

17 

0.270 

0.592 

37t 

0.180 

0.710 

44 1 

4 

1.89 
1.89 

23 

0.293 

0.737 

51t 

0.220 

0.568 

39t 

5 

1.7 
1.7 

28 

0.020 

0.828 

42 

0.047 

0.960 

48 

5 

2.34 
2.34 

31 

0.098 

0.651 

40 

0.068 

0.586 

36 

3 

1.91 
1.91 

39 

1                1 
Fatal  in  4  hrs. 

6 

1.8 

*  Recovery  of  benzoic  acid  in  24  hour  period  was  129  per  cent.    Urine  was 
contaminated  with  fecal  material. 
t  Benzoate  injected  intravenously. 

especially  the  occurrence  of  diarrhea.  This  toxicity  was  particu- 
larly noticeable  after  the  leucine  administration,  three  of  the 
experiments  being  fatal. 
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In  order  to  determine  the  effect  of  other  amino-acids,  isovahne, 
aspartic  acid,  and  cystine  were  administered  orally  with  sodiimi 
benzoate.  Glycollic  acid  and  gb^col  aldehyde  were  also  admin- 
istered with  benzoate  to  see  whether  these  substances  were  pre- 
cursors of  glycine.  The  aspartic  and  glycollic  acids  were 
neutralized  before  administration.  None  of  these  substances 
increased  the  rate  of  synthesis  of  hippuric  acid  (Table  IX).  The 
result  after  the  administration  of  glycol  aldehyde  may  be  question- 

TABLE  VIII. 

Excretion  of  Free  Benzoic  Acid  and  of  Hippuric  Acid  {Calculated  as  Com- 
bined Benzoic)  in  the  6  Hour  Period  Following  the  Oral  Administra- 
tion of  Sodium  Benzoate  Alone  and  Sodium  Benzoate  plus  Leucine. 


Rabbit 
No. 


23 
24 

22 
33 


Extra  benzoic  acid  excreted  in  6  hr.  period 
after  administration  of 


Benzoic  acid. 


Free. 


om. 

0.014 
0.293 
0.313 


Combined. 


0.721 
0.737 
0.691 


per  cent 
of  intake 

40 


51^ 


48" 


Benzoic  acid  and  leucine. 


Free. 


0.310 


0.265 


Combined. 


0.523 


0.683 


per  cent 
of  inlake 


29 


47" 


Leucine. 


mol 


31 


0.260       0.418         29*  5 

(Rabbit  died  following  day.) 


Fatal  in  8  hrs.* 


Fatal  in  4  hrs.* 


2\ 


Sodium 
benzoate. 


'jm. 

2.12 
2.12 

1.7 
1.7 

1.7 
1.7 


1.7 


2.55 


*  Benzoate  injected  intravenously. 

able  in  view  of  the  fact  that  one  experiment  Avas  terminated 
fatally  in  6|  hours;  i.e.,  the  animal  was  subnormal  the  latter  part 
of  the  6  hour  period. 

Glucose  might  also  serve  as  a  source  of  glycine  b}^  cleavage  to 
acetic  acid  or  acetaldehyde,  or  some  other  intermediar}^  metab- 
olite. Urea  might  increase  the  rate  of  synthesis  of  hippuric 
acid  either  by  conversion  to  glycine  or  bj^  increasing  the  amount 
of  ammonia  in  the  organism  according  to  the  mass  law  through  the 
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TABLE  IX. 

Excretion  of  Free  Benzoic  Acid  and  of  Hippuric  Acid  {Calculated  as  Combined 

Benzoic)  in  the  6  Hour  Period  Following  the  Oral  Adminislration  of 

Sodium  Benzoate  Alone  and  Alodium  Benzoate  plus  Each  of  the 

Following:  Tsovaiine,  Aspartic  Acid,  Cystine,  Glycollic  Acid, 

and  Glycol  Aldehyde. 


Rab- 
bit 
Xo. 


27 


26 


8a 


40 


32 


44 


52 1 


Extra  benzoic  acid  excreted  in  6  hr.  period 
after  administration  of 


Benzoic  acid. 


Free.     Combined. 


0.314 


0.008 


0.346 


0.081 


0.028 


0.885 


0.699 


0.589 


0.881 


0.852 


0.063 


0.258 


0.671 


0.957 


0.070  0.626 


per 
cent 
of  in- 
take 

49* 


39 


37^ 


58 


47 


37 


42 


31 


Benzoic  acid  and 
experimental  substance. 


Free. 


0.297 
0.129 


Combined. 


0.662 
0.490 


per 
cent  of 
intak'e 


37* 
30 


0.272   0.382     24* 
Fatal  in  10  hrs. 


Substance  administered. 


Sodium 
benzo- 
ate. 


7H0l 


Isovaline 5 

Aspartic  acid 5 


Aspartic  acid 5 


0.055   0.5371     35       Cystine 5 

Rabbit  died  on  following  day. 


0.215 


0.058 


0.655 


0.535 


36 


30 


0.011    0.587     26 
Fatal  in  65  hrs. 


0.010 


Glycollic  acid 3| 


Glycollic  acid 5 


Glycol  aldehydef 


0.552     27       Glycol  aldehyde 


Rabbit  died  on  following  day 


gm. 

2.12 
2.12 
2.12 
2.12 

1.91 
1.91 

1.8 
1.8 


2.12 
2.12 

2.12 
2.12 

2.71 
2.71 


2.36 
2.36 


*  Benzoate  injected  intravenously. 

t  Acknowledgement  is  made  to  Dr.  Isidor  Greenwald  of  the  Harriman  Re- 
search Laboratory,  Roosevelt  Hospital,  New  York,  for  the  glycol  aldehyde 
used  in  the  experiments. 

X  After  the  administration  of  2.36  gm.  of  sodium  benzoate  and  three 
equivalents  of  glycine  this  rabbit  eliminated  67  per  cent  of  the  ingested 
benzoic  acid  as  hippuric  acid  in  the  6  hour  period  immediately  following 
ingestion  of  the  benzoate. 
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slowing  up  of  the  reaction,  ammonia  — >  urea.  If  acetic  acid  is  a 
precursor  of  glycine,  then  the  ingestion  of  the  acetate  group  should 
increase  the  rate  of  synthesis  of  hippuric  acid.  The  results 
following  the  administration  of  these  substances  with  benzoate 
are  given  in  Table  X.  Glucose,  urea,  and  sodium  acetate  were 
not  found  to  increase  the  rate  of  synthesis  of  hippmic  acid. 
Ammonium  acetate  and  the  larger  doses  of  urea  were  rapidly 
fatal. 

TABLE  X. 

Excretion  of  Free  Benzoic  Acid  and  of  Hipjniric  Acid  {Calculated  as  Com- 
bined Benzoic)  in  the  6 Hour  Period  Following  the  Oral  Administration 
of  Sodium  Benzoate  with  Each  of  the  Following:  Glucose,  Urea, 
and  Sodium  Acetate. 


Rabbit 
No. 

Weight 

Extra  benzoic  acid  ex- 
creted in  6  hr.  period. 

Substance  administered. 

Free. 

Combined. 

kg. 

em. 

ym. 

per 
cent  of 
intake 

30 

2.1 

0.029 

0.693 

38 

1.8  gm.  benzoic  acid  as  Na  salt  and 
20  gna.  glucose  per  os. 

48 

2.8 

0.026 

1.100 

44 

2.5  gm.  benzoic  acid  as  Na  salt  and 
10   gm.    glucose    and  0.8   gm.    urea 

per  OS. 

35 

1.4 

0.008 

0.684 

47 

1.44  gm.  benzoic  acid  as  Na  salt  and 
1.5  gm.  urea  per  os. 

49 

2.8 

0.293 

0.677 

27 

2.5  gm.  benzoic  acid  as  Na  salt,  5.0  gm. 
Na  acetate,     and  0.8  gm.  urea  per 

OS. 

50 

2.8 

0.090 

0.957 

38 

2.5  gm.  benzoic  acid  as  Na  salt  and 
5.0  gm.  Na  acetate  per  os. 

DISCUSSION. 

Of  all  the  compounds  studied  gtycine  was  the  only  substance 
which  increased  the  rate  of  synthesis  of  hippuric  acid  after 
benzoate  ingestion.  The  other  amino-acids  and  related  sub- 
stances which  were  tested  gave  negative  results.  The  results 
were  clear-cut  and  striking,  practically  without  exception.     Three 
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equivalents  or  more  of  glycine  with  benzoate  almost  doubled  the 
rate  of  synthesis  of  hippuric  acid,  while  the  other  substances  with 
benzoate  gave  results  similar  to  and,  for  the  most  part,  slightly 
lower  than  the  results  with  the  benzoate  alone. 

In  the  S3'nthesis  of  glycine  it  is  assumed  that  one  or  more  inter- 
mediate products  are  formed.  The  administration  of  one  of  these 
intermediate  products,  or  of  a  compound  which  breaks  down  to 
give  one  of  these  products,  ought  to  increase  the  rate  of  synthesis 
of  glj'cine  and,  therefore,  of  hippuric  acid.  It  would  appear  that 
none  of  these  amino-acids  or  related  substances  gave  rise  to 
precursors  of  glycine  in  the  organism.  It  is  reasonable  to  suppose 
that  the  deamination  and  oxidation  of  alanine,  nor-leucine, 
leucine,  cystine,  isovaline,  and  aspartic  acid  are  typical  of 
amino-acids  in  general.  Since  these  substances  were  not  shown 
to  be  precursors  of  glycine,  it  may  be  concluded  that  typical 
oxidative  deamination  does  not  give  rise  to  precursors  of  glycine. 
It  does  not  necessarily  follow  that  no  other  amino-acid  may  act 
as  a  precursor  of  glycine.  It  is  probable,  however,  that  if  any 
furnish  glycine,  they  do  so  by  some  special  catabohsm  and  not  by 
catabolism  in  the  usual  manner.  Benzoyl  derivatives  of  other 
amino-acids  than  those  which  were  studied  by  Magnus-Levy 
(27)  may  be  formed  and  oxidized  to  hippuric  acid.  Knoop  (33) 
has  suggested  a  possible  formation  of  glycine  from  a-amino-iS- 
hydroxj^-acids,  such  as  serine,  or  hydroxyglutamic  acid. 

In  view  of  the  structm-al  relationship  between  glycine  and 
acetic,  glycollic,  and  glyoxylic  acids,  these  latter  substances  have 
been  considered  as  intermediate  compounds  in  the  metabohsm 
of  glycine  by  the  organism.  Neubauer  (34)  suggested  that  gly- 
cine gave  rise  to  glycollic  and  glyoxylic  acids  on  the  basis  of  his 
experiments  in  which  phenylglycollic  and  phenylglyoxylic  acids 
were  found  in  the  urine  after  the  administration  of  phenylglycine 
to  dogs.  He  postulated  that  amino-acids  in  general  gave  hydroxy- 
and  keto-acids  by  oxidative  deamination.  The  reverse  of  this 
reaction,  the  formation  of  amino-acids  from  hydroxy-  and  keto- 
acids,  was  noted  by  Knoop  (35)  and  his  collaborators.  Embden 
and  Schmitz  (36)  showed  that  alanine  was  formed  from  pyruvic 
acid  and  from  anrnioniimi  lactate  by  perfusion  of  the  liver.  How- 
ever, the  conversion  of  the  glycollic  and  glyoxj'lic  acids  to  glycine 
has  not  been  observed.     Haas  (37)  could  find  no  evidence  for  the 
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formation  of  glycine  from  ammonia  and  glyoxylic  acid  in  the 
rabbit,  and  Sassa  (38)  was  unable  to  demonstrate  a  production  of 
glycine  from  glycollic  acid  in  the  same  species.  Thus,  in  spite  of 
structural  similarity  this  conversion  of  glycollic  and  glyoxylic 
acids  to  glycine  by  the  organism  has  not  yet  been  demonstrated. 

The  failure  of  m-ea,  glucose,  and  sodium  acetate  to  act  as  pre- 
cursors of  glycine  is  consistent  v/ith  the  negative  results  obtained 
after  the  administration  of  the  amino-acids,  alanine,  leucine, 
nor-leucine,  etc.,  since  amino-acids  themselves  are  catabolized  to 
urea  and  to  fatty  acids  which  give  acetic  acid  by  oxidation,  and 
glucose  is  assumed  to  give  acetic  acid  or  acetaldehyde  as  an  inter- 
mediate stage  in  its  oxidation.  These  results  are  concordant  since 
it  is  reasonable  to  expect  that  if  the  amino-acids  and  glucose  give 
negative  results,  urea  and  sodium  acetate  would  have  the  same 
effect. 

In  drawing  conclusions  from  experiments  of  this  nature,  it  must 
be  borne  in  mind  that  negative  results  do  not  have  the  significance 
of  positive  results.  There  is  to  be  considered,  for  instance,  the 
undetermined  influence  of  the  time  element.  The  6  hour  period 
may  have  been  too  short  for  synthesis  of  glycine  to  have  been 
effected  from  these  amino-acids  and  related  substances.  This 
would,  however,  involve  the  assumption  that  metabolic,  or  at 
least  synthetic,  processes  take  place  at  a  slower  rate  than  is  com- 
monl}^  beHeved.  Csonka  (39)  showed  that  in  the  phlorhizinized 
dog,  the  maximum  conversion  of  glycine  and  alanine  to  urea  and 
glucose  took  place  in  the  2nd  hour  after  the  administration  of  these 
amino-acids.  On  the  other  hand,  Folin  and  Berglund  (40)  found 
that  in  men  the  maximum  concentration  of  urea  in  the  blood  and 
urine  occurred  6  to  8  hours  after  the  ingestion  of  gelatin,  although 
amino-acids  in  the  blood  reached  a  maximum  in  the  2nd  hour. 
Such  findings  relative  to  the  velocity  of  body  processes  are  sug- 
gestive of  the  unknown  factors  that  may  have  a  bearing  on  this 
problem  of  glycine  synthesis. 

A  summary  of  the  experimental  results  following  the  adminis- 
tration of  hippuric  acid,  benzoic  acid,  and  benzoic  acid  with 
amino-acids  and  related  compounds  is  presented  in  Chart  1. 
These  results,  which  have  been  previously  discussed,  show  very 
clearly  the  difference  between  glycine  and  the  other  substances 
in  their  effect  on  the  excretion  of  hippuric  acid. 
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Chart  1.  The  average  excretion  of  extra  combined  benzoic  acid  in  the 
6  hour  period  following  the  administration  of  hippuric  acid,  benzoic  acid, 
and  benzoic  acid  with  amino-acids  and  related  substances.  The  hippuric 
and  benzoic  acids  were  administered  in  doses  of  approximately  1  gm.  of 
benzoic  acid  per  kilo. 
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SUMMARY. 

1.  A  study  has  been  made  of  the  rate  of  excretion  of  hippuric 
acid  in  rabbits  during  a  6  hour  period  after  the  oral  and  intra- 
venous administration  of  sodium  benzoate  in  doses  of  approxi- 
mately 1  gm.  of  benzoic  acid  per  kilo  of  body  weight. 

2.  The  rate  of  excretion  of  hippuric  acid  was  decidedly  increased 
by  the  administration  of  gtycine  with  sodium  benzoate.^ 

3.  This  increase  was  not  the  result  of  a  stimulation  of  the 
excretory  function  of  the  kidneys  by  glycine  since  sodium  hip- 
purate  alone,  in  amounts  equivalent  to  the  benzoate  ingested, 
was  completely  excreted  in  the  6  hour  period  following  its  intra- 
venous administration.  The  increase  was  not  due  to  a  faster  rate 
of  absorption  of  benzoate  from  the  intestine  because  of  stimulation 
of  absorption  by  glycine  since  the  same  increase  was  observed 
when  benzoate  was  administered  intravenously  and  glycine  orally 
or  subcutaneously.  The  increase  was  not  caused  by  stimulation 
of  general  metabolism,  since  alanine,  which  also  stimulates  general 
metabolism,  was  not  found  to  increase  the  rate  of  excretion  of 
hippuric  acid. 

4.  The  increased  rate  of  excretion  after  the  ingestion  of  glycine 
with  benzoate  probably  represented  an  increased  rate  of  synthesis 
of  hippuric  acid  due  to  the  presence  in  the  organism  of  large 
amounts  of  preformed  glycine. 

5.  Other  amino-acids,  alanine,  cystine,  leucine,  nor-leucine, 
isovaline,  and  aspartic  acid,  did  not  increase  the  rate  of  synthesis 
of  hippuric  acid  when  administered  with  the  benzoate.  Similar 
negative  results  were  obtained  with  glycollic  acid,  glycol  aldehyde, 
glucose,  urea,  and  sodimn  acetate.  Hence  it  was  considered  im- 
probable that  any  of  these  substances  is  a  readily  available 
precursor  of  glycine. 

2  Since  the  publication  of  our  preliminary  report  of  this  work  (Lewis,  H. 
B.,  and  Griffith,  W.  H.,  J.  Biol.  Chem.,  1923,  Iv,  p.  xxii),  Kingsbury  (Kings- 
bury, F.  B.,  Proc.  Soc.  Exp.  Biol,  and  Med.,  1922-23,  xx,  405)  has  reported 
that  in  two  normal  men  with  a  low  rate  of  elimination  of  hippuric  acid  after 
benzoate  ingestion,  the  rate  of  hippuric  acid  excretion  was  notably  ac- 
celerated by  the  ingestion  of  glycine  in  amounts  equivalent  to  the  benzoate 
fed. 
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As  a  result  of  a  study  of  the  excretion  of  creatine  in  children  when 
on  high  protein  diets  (1),  the  authors  had  come  to  believe  that 
there  existed  a  definite  maximum  production  of  creatine.  The 
total  creatine  produced  included  the  creatine  excreted  plus  the 
creatinine  (in  terms  of  creatine) .  The  work  of  Shaffer  (2) ,  of  Myers 
and  Fine  (3),  and  of  Rose,  Dimmitt,  and  Cheatham  (4),  furnished, 
in  our  opinion,  sufficient  justification  for  such  a  procedure.  It  was 
found  that  the  sum  of  the  two  formed  a  constant  production  per 
kilo  of  body  weight,  independent  of  the  age  of  the  child.  As  it 
happened  that  the  total  creatine  coefficient  of  children  was  of  the 
same  magnitude  as  the  creatinine  coefficient  of  adult  man,  this 
furnished  an  explanation  of  the  failure  to  produce  creatinuria  in 
adult  man  by  high  protein  feeding,  and  offered,  at  any  rate,  a  par- 
tial explanation  of  the  irregular  results  found  in  the  creatinima  of 
women.  An  extension  of  the  idea  showed  also  that  the  creatinuria 
of  some  pathological  conditions,  and  their  dependence  upon  diet- 
ary protein,  could  be  considered  from  the  same  standpoint. 

The  excretion  and  formation  of  creatinine  in  children  is  a  con- 
stant quantity  during  the  relatively  short  experimental  period. 
The  creatine  excretion  is  thus  the  only  variant  with  the  dietary 
protein,  and  the  assumption  that  the  production  of  new  or  excess 
creatine  reaches  a  maximum  beyond  which  no  amount  of  further 
protein  feeding  can  increase,  is  not  in  harmony  with  many  of  the 
views  which  have  more  recently  been  put  forward  on  the  origin  of 

*  The  facts  of  this  and  the  preceding  paper  (1)  by  the  same  authors,  are 
taken  from  a  thesis  submitted  as  a  partial  requirement  for  the  degree  of 
Doctor  of  Philosophy  in  the  University  of  Toronto. 
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that  substance  (5).  Consequonth^  it  becomes  necessary  to  in- 
quire more  particularly  into  the  possibility  of  a  creatine  maximum. 
The  diets  which  we  gave  our  children,  though  high  in  protein, 
could  not  be  considered  as  excessively  so,  except  perhaps  in  the 
case  of  the  youngest  group.  Thej^  were,  however,  as  high  as 
the  children  could  conveniently  consume.  Experimental  animals 
offer  a  much  better  opportunity  for  stud}'  in  this  respect,  and  we 
have  a  nmnber  of  observations  on  growing  dogs,  which  fulfill  all 
the  requisite  experimental  conditions.  The  puppy  (6),  like  the 
child,  is  continually  excreting  creatine  as  a  physiological  occur- 
rence, and  the  amount  is  in  most  cases,  dependent  upon  the  protein 
intake  (7).  In  carrying  out  creatine  metabolism  experiments,  it 
is  of  the  utmost  importance  that  the  animals  are  in  normal  con- 
dition. We  have  emphasized  this  in  our  experiments  upon 
children,  but  it  is  even  of  more  importance  in  animal  experimenta- 
tion in  this  subject.  Not  all  laboratory  animals  are  in  such  con- 
dition, even  when  they  appear  active  and  vigorous.  Their  growth 
is  often  spasmodic,  and  especially  do  they  show  irregularities  in 
their  creatinine  output  and  coefficients.  This  is  particularly  notice- 
able after  a  period  of  fasting,  or  of  negative  nitrogen  balance 
and  such  effects  can  be  observed  for  even  so  long  as  a  month 
after  the  cause.  Only  three  of  our  animals  fulfil  such  conditions, 
and  all  of  them  had  been  objects  of  care,  and  properly  nourished 
before  their  entrance  into  the  laboratory-.  In  working  with  small 
animals  of  this  kind,  it  must  be  borne  in  mind  that  the  rapid  growth 
changes  which  take  place,  with  the  formation  of  new  tissue,  and 
especially  muscle,  must  lead  to  the  production  of  much  new  crea- 
tine which  never  finds  its  way  into  the  urine.  This  fraction  of  the 
creatine  production,  absorbed  or  retained  by  the  new  muscle, 
may  be  greater  in  amount  than  the  creatine  excreted.  From  the 
data  presented  in  this  paper,  its  amount  can  be  calculated,  and  we 
have  assumed  that  creatine  absorption  (including  that  required 
for  creatinine)  -|-  creatine  excretion  =  creatine  production.  This, 
though  undoubtedly  true  in  a  general  way,  will  not  hold  in  every 
individual  case,  as  the  calculation  does  not  take  into  account 
any  fluctuations  in  the  percentage  of  creatine  in  muscle,  or  the 
possibility  of  variation  in  excretion  due  to  changes  in  the  blood,  or 
in  renal  permeability.  Such  changes  we  hope  we  have  avoided  bj' 
the  rigid  selection  of  animals  and  experimental  conditions. 
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The  experiments  reported  are  upon  three  female  puppies.  All 
of  them  were  of  the  terrier  type,  two  of  them,  (Dogs  D  and  K) 
being  fox-terriers  of  good  pedigree,  and  from  the  same  litter,  while 
the  third,  (Dog  L.  B.)  possessed  a  strain  of  bull-terrier.  All  the 
animals  had  been  for  many  weeks  previous  to  these  experiments, 
upon  a  creatine-free  diet,  and  had  been  living  in  metabolism  cages. 
These  experiments  had  their  origin  in  an  attempt  to  find  conditions 
in  puppies,  when  the  creatine  excretion  would  be  unaffected  by 
growth  changes.     Such  conditions  we  expected  to  find  on  a  pro- 

TABLE  I. 


Diet. 

Length 

of 
experi- 
ment. 

Average 
weight. 

Daily 

N 
intake. 

Per  kg.  body  weight  per  day. 

Aver- 
age 

Dog. 

Total 

N 
intake. 

Nof 

N  bal- 

Creat- 

daily 
crea- 

urine. 

ance. 

inine. 
mg. 

tine. 

days 

ko. 

am. 

gm. 

gm. 

om. 

mg. 

D* 

1 

12 

2.35 

1.33 

0.56 

0.33 

0.14 

21.3 

56 

2  and  3. 

14 

2.71 

2.66 

0.98 

0.48 

0.34 

22.9 

88 

4 

11 

3.30 

5.33 

1.61 

1.00 

0.37 

23.3 

89 

Kt 

1=^ 

15 

2.49 

1.33 

0.53 

0.32 

0.06 

19.3 

77 

2^  and  2. 

13 

2.61 

2.66 

1.01 

0.54 

0.33 

20.6 

62 

4 

14 

2.35 

5.33 

1.58 

0.97 

0.38 

24.2 

64 

L.B.t 

5 

5 

9.15 

2.00 

0.22 

0.19 

0.00 

27.9 

108 

6 

8 

9.39 

5.55 

0.59 

0.26 

0.24 

27.6 

80 

7 

4 

9.92 

10.88 

1.10 

0.29 

0.29 

27.7 

76 

*  Protocol  1. 
t  Protocol  2. 
t  Protocol  3. 


tein  diet,  complete  in  amino-acids,  and  of  such  a  height  that  the 
rate  of  growth  had  reached  a  maximimi.  Any  further  additions 
of  protein,  or  of  individual  amino-acids  should  then  reflect  them- 
selves quantitatively  in  creatine  excretion,  were  creatine  an  exoge- 
nous product  derived  from  protein.  The  experiments,  consequently, 
are  a  record  of  the  creatine  excretion  of  puppies  on  a  series  of  pro- 
tein diets  of  increasing  height.  As  in  each  animal  we  have  a 
series  of  three  such  diets,  we  have  designated  them  as  low,  inter- 
mediate, and  high  protein  diets,  respectively,  for  purposes  of  dis- 
cussion.    The  results  are  collected  together  in  Table  I.     The  diets 
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are  given  in  Table  II.  The  figures  upon  which  the  averages  and 
calculations  are  based,  are  to  be  found  in  protocols  at  the  end  of 
this  paper.  The  N  intake,  urinary  N,  and  N  balance  are  expressed 
in  average  grams  per  kilo  of  body  weight  per  day.  As  far  as  we 
know  the  diets  were  complete  in  amino-acids.  The  N  content  of 
the  diets  was  determined  by  previous  analyses  of  the  various  con- 
stituents. These  analyses  were  checked  from  time  to  time,  and 
found  to  vary  only  slightly.  The  N  balances  were  determined 
experimentally  in  Dogs  D  and  K,  and  calculated  on  Dog  L.  B., 
on  a  basis  of  85  per  cent  absorption.  This  absorption  coefficient 
was  found  to  be  very  constant  for  all  the  other  puppies  examined 
in  the  laboratory,  and  it  is  safe  to  assume  its  constancy  in  Dog  L.  B. 

The  Kjeldahl-Gunning  method  was  used  for  the  determination  of 
total  N,  while  the  micro  method  of  Folin  was  used  for  the  deter- 
mination of  creatine  and  creatinine.  Fecal  N  was  determined  by 
emulsifying  the  feces  with  20  per  cent  sulfmic  acid,  making  up  to 
a  definite  volume,  and  determining  the  N  on  an  aliquot  portion 
by  the  Kjeldahl  method. 

An  inspection  of  Table  I  shows  that  in  each  animal  the  increases 
in  the  levels  of  protein  intake  represent  increases  per  kilo  of  body 
weight.     The  ratios  of  these  changes  are 


Dog. 

Ratio  of  protein 
intake. 

D 

1:1.75:3 

K 

1:1.9  :3 

L.  B 

1:2.7  :5 

The  catabolic  N  varies  somewhat  similarly. 


Dog. 

Ratio  of  catabolic  N. 

D 

1:1.45:3.3 

K 

1:1.4  :3 

L.  B 

1:1.37:3.4 

The  N  balances,  however,  show  that  a  maximum  rate  of  N  reten- 
tion is  almost  reached  on  the  intermediate  diet;  it  is  only  very 
slightly  increased  on  the  high  diet.  The  conditions  then,  in  these 
three  animals,  should  be  almost  ideal  for  observing  the  effect  of 
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increase  of  protein  intake,  or  of  catabolized  protein,  uj)on  creatine 
excretion.  With  no  fiu'ther  rate  of  demand  for  creatine  to  supply 
new  tissue,  the  creatine  excretion  should  then  ])econie  a  measure 
of  creatine  production,  were  this  latter  entirely  dependent  upon 
either  of  those  factors. 

Creatine  excretion,  however,  becomes  constant.  Per  kilo 
of  body  weight,  creatine  excretion  declines  slightly.  As  at  the 
same  time,  creatine  absorption  by  the  new  tissue  becomes  approxi- 
mately constant,  or  only  increases  very  slightly  (judged  by  the  N 

TABLE  in. 


Dog. 

Diet. 

Length 

of 
experi- 
ment. 

N 

intake. 

Per  kg.  body  weight  per  day. 

Aver- 
age 
daily 
crea- 
tine. 

Total 
creatine 

N 
intake. 

Urine 

N. 

N  bal- 
ance. 

Creat- 
inine. 

coeffi- 
cient. 

days 

gm. 

gm. 

gm. 

gm. 

mg. 

mg. 

D* 

1' 

19 

1.33 

0.565 

0.37 

0.07 

20.0 

93 

66.7 

t 

1 

12 

1.33 

0.565 

0.33 

0.14 

21.2 

56 

55.1 

8 

10 

4.30 

1.15 

0.67 

0.31 

24.7 

22 

52.5 

8 

11 

4.30 

1.08 

0.82 

0.08 

27.1 

85 

52.8 

8 

10 

4.30 

1.04 

0.77 

0.04 

28.0 

119 

62.4 

KJ 

2^  and  2. 

13 

2.66 

1.00 

0.53 

0.33 

20.5 

62 

65.1 

2    and  3. 

14 

2.66 

0.91 

0.52 

0.23 

22.0 

87 

67.6 

§ 

8 

8 

4. 30 

1.23 

0.80 

0.22 

23.9 

31 

46.5 

8 

15 

4.30 

1.09 

0.65 

0.26 

23.7 

14 

43.4 

8 

8 

4.30 

1.03 

0.70 

0.12 

25.6 

45 

44.0 

*  Protocol  1. 
t  Protocol  4. 
+  Protocol  2. 
§  Protocol  5. 

balances),  it  is  evident  that  the  production  of  creatine  becomes 
constant.  In  view  of  the  evident  independence  of  creatine  excre- 
tion and  catabolic  N  under  these  conditions,  and  its  dependence 
upon  N  balance  rather  than  N  intake,  it  becomes  necessary  to 
observe  more  closely  these  variants,  and  their  effect  upon  creatinu- 
ria. This  effect  is  shown  in  Table  III  on  Dogs  D  and  K.  It 
will  be  seen  that  comparisons  are  made  between  the  creatine 
excretions  of  different  experimental  periods  with  constant  N 
intake.     The  experimental  records  on  each  dog  for  each  level  of 
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total  protein  intake  are  consecutive.  In  Dog  D  on  diets  l""  and  1, 
Dog  K  on  diets  2-'^  and  2,  and  diets  2  and  3,  and  again  in  Dogs  D  and 
K  on  the  two  latter  periods  of  diet  8,  the  N  intake  and  urine  N  per 
kilo  of  body  weight,  undergo  no  alteration.  The  N  gain  under- 
goes marked  fluctuation,  with  an  inverse  fluctuation  in  creatine 
excretion.  In  Dog  D  on  diet  8,  we  have  a  decreasing  N  intake  per 
kilo  of  bod}^  weight,  especially  marked  in  the  first  portion  of  the 
period,  with  a  catabolic  N  per  kilo  of  body  weight,  showing  a 
maximimi  in  the  central  portion  of  the  experimental  period.  The 
N  gain  shows  a  marked  fall  with  each  period,  and  the  creatine 
excretion,  an  equally  marked  rise.  It  is  interesting  to  note,  that 
the  alteration  in  the  N  balance  in  Dog  D  on  diet  1,  was  brought 
about  by  the  addition  of  a  small  amount  of  cod  liver  oil  and  malt 
extract.  Presiraiably,  the  animal  was  in  a  condition  of  vitamin 
shortage  in  spite  of  the  milk  and  butter  in  the  diet.  Some  of  our 
other  animals,  especially  the  younger  ones,  showed  similar  changes. 

This  interrelationship  of  the  positive  nitrogen  balance  and  crea- 
tinuria,  may  explain  a  number  of  results  in  the  literature,  in  which 
daily  variations  in  creatine  excretion  are  apparently  connected 
with  catabolic  N.  Such  a  connection  will  become  apparent  in  a 
subject  at  approximately  constant  weight,  on  a  constant  diet, 
or  where  alterations  in  the  N  of  the  diet  are  of  such  a  character  as 
to  change  simultaneously  both  the  N  balance  and  catabolic  N, 
but  in  opposite  directions. 

The  relationship  of  N  balance  and  creatine  excretion,  though 
still  evident,  verj^  often  becomes  disturbed  in  animals  which  are 
not  strictly  normal.  An  evident  illustration  of  this  was  observed 
in  animal  T.  B.  The  animal  was  distinctly  not  a  normal  animal. 
She  only  grew  at  about  one-third  the  normal  rate,  would  have 
occasional  days  of  diarrhea,  fine  tremors  constantly  passed  over 
the  body,  and  occasionally  larger  convulsive  movements  of  the 
head  and  neck  were  observed.  The  observations  in  Table  IV 
were  made  after  a  short  period  of  fasting,  and  when  the  animal 
was  clinically  greatly  improved.  In  the  first  three  periods,  the 
creatine  excretion  runs  parallel  with  the  catabolic  N,  and  inversely 
with  the  N  gain.  In  the  fourth  period,  however,  there  is  no  altera- 
tion in  the  N  intake,  gain,  or  balance,  and  a  sudden  drop  in  the 
creatine  excretion.  This  coupled  with  a  rapid  rise  in  the  creatinine 
excretion,  would  incline  one  to  believe  that  there  had  been  a  sudden 
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elaboration  of  muscle,  with  a  consequent  demand  for  creatine. 
Though  this  case  is  undoubtedly  an  exaggerated  one,  it  is  certain 
that  similar  changes  in  the  creatine  content  of  the  bodj^  occur  in 
other  animals,  and  it  is  only  by  a  rigid  selection  of  those  animals, 
which  show  freedom  from  spasmodic  growth  upon  regular  diets, 
that  some  of  the  irregularities  in  creatine  excretion  can  be 
minimized. 

The  calculation  of  the  amount  of  creatine  absorbed  by  the  new 
growth  is  dependent  upon  several  factors,  some  of  which  are  vari- 
able in  the  dog,  owing  to  the  wide  variations  in  breeds  of  this 
animal.  For  the  relationships  of  N  balance,  growth,  and  muscula- 
ture, we  have  used  the  data  of  our  own  experiments  and  some  data 
of  Faick  (8).  The  creatine  content  of  dog  muscle  is  taken  as 
0.37  per  cent  as  the  average  figure,  from  the  estimations  of  Myers 

TABLE  IV. 


Dog. 


T.  B. 


Diet. 

Length 

of 
experi- 
ment. 

N 
intake. 

Per  kg.  body  weight  per 

day. 

N 
intake. 

L'rine 

N. 

N 
balance. 

Creati- 
nine. 

days 

om. 

gm. 

gm. 

gm. 

mg. 

9-^ 

5 

4.10 

0.74 

0.37 

0.23 

27.7 

9^ 

5 

4.10 

0.71 

0.51 

0.02 

29.5 

9^  and  9. 

7 

4.10 

0.71 

0.57 

0.00 

29.5 

9 

10 

4.10 

0.71 

0.58 

0.00 

31.3 

Average 

daily 
creatine. 


mg. 

2 

21 

69 

9 


and  Fine  (3),  and  Baumann  and  Hines  (9).  The  use  of  the  figure 
0.37  per  cent  for  the  concentration  of  creatine  in  muscles  of  our 
puppies  appears  justifiable  in  the  light  of  the  findings  of  Mellanby 

(10)  on  growing  chicks  and  rabbits,  and  of  Myers  and  Fine  (3) 
on  growing  cats.  In  all  cases,  the  creatine  content  of  the  muscle 
reaches  an  adult  figure  at  a  very  early  stage  in  growth.  An  inspec- 
tion of  the  creatinine  coefficients  of  our  animals  (Table  VIII) 
will  show  that  they  had  almost  reached  maturity  by  the  end  of 
oui"  experiments,  and  we  only  commenced  our  experiments  when 
the  animals  were  from  one-third  to  one-half  grown.  Falck 
supphes  the  onty  data  of  the  effect  of  growth  upon  the  relationship 
of  the  body  weight  and  musculature  in  the  dog.     The  data  of  Voit 

(11)  on  the  musculature  of  dogs  of  different  weight,  leave  one  in 
doubt  as  to  whether  the  differences  are  to  be  ascribed  to  age  or 
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breed.  Falck's  animals  were  dachshunds,  and  consisted  of  two 
pairs  from  two  Ktters.  One  of  each  pair  was  killed,  and  the  second 
allowed  to  grow  for  just  over  30  days.  A  comparison  of  the  mus- 
culature and  the  body  weights  before  and  after  the  growth  period, 
showed  that  for  an  average  gain  of  1,698  gm.  in  body  weight,  the 
musculature  increased  733  gm.,  or  1  gm.  gain  in  body  weight  for 
0.43  gm.  gain  in  muscle. 

In  Table  V,  is  represented  the  gains  in  weight,  N,  and  creatinine 
excretion  of  our  puppies,  and  from  the  figures  given,  and  the  data 
of  Falck,  it  is  a  simple  matter  to  calculate  the  absorption  of  crea- 
tine due  to  the  increase  in  the  muscular  system  dming  growth, 
as  according  to  the  calculations  of  Burger,  98  per  cent  of  the  total 
body  content  of  creatine,  is  contained  in  that  system.     We  should 


TABLE 

V. 

Dog. 

Length 

of 
experi- 
ment. 

Weight. 

Total 

N 
gain. 

Creatinine  excretion. 

Initial. 

Final. 

Gain. 

Initial. 

Final. 

Gain. 

D 

days 

93 

112 

140 

90 

80 

kg. 

2.30 
2.50 
6.70 
2.35 
2.90 

kg. 

4.15 
4.18 
11.00 
4.72 
5.20 

kg. 

1.85 
1.68 
4.30 
2.37 
2.30 

gm. 

49.50 
64.47 
95.42 
65.13 
67.18 

mg. 
46 

48 

180 

47 

59 

mg. 

115 
106 
324 
113 
141 

mg. 

69 

K 

58 

L.  B 

Fn 

Fl 

144 
66 

82 

Sum  of  gains '. 

12.50 

341.70 

419 

like  to  point  out  that  the  length  of  time  of  the  experiments  (80 
^to  140  days)  with  continuous  observations  on  five  animals,  all  of 
them  either  absolutely  normal  or  very  nearly  so,  make  our  figures 
reliable  as  average  figures  for  this  type  of  dog.  Animals  Fn.  and 
Fl.  were  mongrel  terriers,  who,  though  equal  to  the  other  three 
animals  in  total  growth,  nevertheless,  showed  irregular  growth 
periods.  For  the  purpose  of  averages,  however,  over  a  period  as 
long  as  3  months,  they  may  be  taken  as  normal.  From  the  figures 
of  Table  V  the  following  relationships  may  be  determined. 

1  gm.  gain  N  =  36.6  gm.  gain  body  weight  =  1.22  mg.  gain  creatinine  excretion. 

Coupled  with  the  data  of  Falck 

1  gm.  gain  body  weight  =  0.43  gm.  gain  in  musculature. 

and  the  average  creatine  content  of  dog  muscle  =  0.37  per  cent. 
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1  gm.  gain  body  weight  =  1.59  mg.  creatine  absorption. 

1  mg.     "     creatinine  excretion  =  48       "  "  " 

In  making  a  choice  of  which  factor,  gain  in  bod}'  weight,  N,  or 
creatinine  excretion,  shall  be  used  to  calculate  the  creatine  absorp- 
tion in  a  particular  case,  we  have  chosen  that  of  N  gain.  Were  we 
dealing  with  averages  instead  of  particular  cases,  it  would,  of  course, 
be  immaterial  which  factor  was  chosen,  but  in  individual  cases,  the 
three  methods  of  judging  growth  do  not  always  run  parallel. 
Gains  in  body  weight,  as  they  may  be  due  to  gains  in  water  or  fat, 
as  well  as, protein,  are  naturally  more  subject  to  fluctuation. 
Gains  in  creatinine  and  N  usually  correspond  much  more  closely. 
When,  however,  the  gain  in  N  is  very  suddenly  increased  to  a  high 
level,  then  creatinine  appears  to  lag  behind.  On  the  whole,  it  is 
judged  that  gains  in  N  represent  more  closely  than  the  other  two, 
the  real  anabohsm. 

In  Table  VI  these  calculations  are  applied  to  the  data  upon 
the  experiments  on  Dogs  D,  K,  and  L.B.,  as  shown  in  Table  I. 
It  appears  from  this,  that  creatine  excretion,  either  in  toto  or  per 
kilo  of  bodj^  weight,  which  may  either  rise  or  fall  on  an  increase  in 
protein  intake,  when  such  an  increase  is  bfelow  the  level  necessary 
to  produce  a  maximum  rate  of  growth,  becomes  a  creatine  produc- 
tion, rising  with  the  level  of  increasing  protein  intake  until  a 
maximum  is  reached. 

Table  \T  also  contains  the  total  creatine  coefficients  of  the  ani- 
mals under  conditions  of  maximum  creatine  production.  In 
calculating  the  total  creatine  coefficients  of  children  it  was  sufficient 
to  take  the  average  creatinine  and  creatine  excretion,  as  the  experi- 
mental periods  were  short  and  there  were  no  appreciable  changes 
in  growth  during  that  time.  The  calculation  in  puppies  must  take 
such  changes  into  account  and  becomes 

Creatine  excreted  +  creatine  absorbed  +  creatinine  X  1.16 
Body  weight  in  kilos 

the  creatinine  being  the  average  amount  excreted  at  the  beginning 
of,  or  just  previous  to  the  experimental  period. 
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It  will  be  noticed  at  once  that  the  total  creatine  coefficients  of 
the  three  animals  do  not  show  very  good  agreement.  If  these 
figures  represent  real  coefficients,  evidently  the  range  of  variation 
in  the  dog  is  very  great.  There  is  reason  to  beheve,  however,  that 
in  Dog  L.  B.  the  true  total  creatine  coefficient  is  much  higher  than 
the  figure  given  in  Table  VI.  In  Table  III,  the  total  creatine 
coefficients  of  Dogs  D  and  K  are  given.  In  both  animals,  diet  8 
was  given  after  a  short  period  of  fasting;  diets  1,  P,  2,  and  2"" 
being  prior  to  fasting.  It  will  be  noticed  that  the  total  crea- 
tine coefficients  taken  as  a  whole,  run  at  a  lower  level  in  a  post- 
fasting  feeding  period.     This  is  true  of  all  animals  who  were 


TABLE 

VI. 

N 
intake. 

Per  kg.  body  weight  per  day. 

Total 

Dog. 

N 
balance. 

Creati- 
nine. 

Creatine 
excre- 
tion. 

Creatine 
Creatine      excretion 
absorbed.   -|-  creatine 
absorption. 

creatine 
coeffi- 
cient. 

D 

K 

L.  B 

urn. 

1.33 
2.66 
5.33 
1.33 
2.66 
5.33 
2.00 
5.55 
10.88 

gm. 

0.14 
0.34 
0.37 
0.06 
0.33 
0.38 
0.00 
0.24 
0.29 

mo. 

21.3 
22.9 
23.3 
19.3 
20.6 
24.2 
27.9 
27.6 
27.7 

my. 

23.8 
32.4 
27.0 
30.9 
23.8 
19.1 
11.8 
8.5 
7.6 

mg. 

8.1 
19.7 
21.5 

3.5 
19.1 
22.0 

0.0 
13.9 
16.8 

mq. 

31.9 
52.1 
48.5 
34.4 
42.9 
41.1 
11.8 
22.4 
24.4 

56.5 
78.6 
75.5 
56.8 
66.7 
69.2 
44.2 
54.4 
56.5 

examined  in  this  way.  Thus,  the  total  creatine  coefficients  of  Dog 
T.  B.  before  fasting  were  50.6  and  56.2,  whereas  after  fasting 
they  were  43.8,  35.6,  46.4,  35.6,  46.0,  and  39.7,  the  low  figui-es 
in  this  case  persisting  for  40  da3's.  Dog  L.  B.  had  not  been  fasted, 
but  just  previous  to  the  period  indicated  by  the  figures  of  Tables 
I  and  VI,  it  had  been  on  a  period  of  negative  N  balance  for  8  days, 
this  having  been  brought  about  by  a  too  sudden  diminution  in  the 
level  of  the  protein  intake.  The  total  creatine  coefficient  of  this 
animal  on  an  excessively  high  protein  diet  prior  to  the  experiments 
just  cited,  and  on  which  it  was  able  to  make  larger  gains  was  found 
to  be  77.7.  In  Table  VII,  we  have  collected  the  total  creatine 
coefficients  of  our  animals  as  observed  on  maximum  protein  con- 
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sumption  and  previous  to  any  fasting  or  negative  N  balance. 
We  have  included  the  total  creatine  coefficients  of  the  same  and 
other  animals  during  a  short  period  of  fasting,  as  it  is  of  decided 
interest  that  the  figures  are  of  the  same  magnitude.  The  fasting 
periods  in  all  cases  were  of  short  duration,  and  followed  one  of 
high  protein  feeding. 


TABLE  VII. 
Maximum  Total  Creatine  Coefficients. 


Dog. 

High  protein. 

Fasting. 

D 

78.6 
69.2 

77.7 
69.3 

75  2 

K 

64.1 

L.  B 

Fn 

Fl 

67.8 

T.  B 

74.2 

TABLE  VIII. 
Creatinine  Coefficients  in  Dogs. 


Dog. 


D 

K 

L.B 

Weight. 

Creatinine 
coefficient. 

kg. 

2.50 

19.2 

3.65 

24.4 

4.15 

27.6 

2.50 

19.6 

3.65 

23.9 

4.15 

25.6 

6.70 

26.2 

9.45 

28.8 

10.90 

29.7 

Dog. 


Fn. 


Fl. 


Weight. 

ku- 

2.35 

3.65 

4.65 

2.90 

4.15 

5.20 

Creatinine 
coefficient. 


20.0 
24.6 
24.5 
20.3 

22.7 
26.9 


The  height  of  the  total  creatine  coefficients  would  indicate  that 
in  the  dog,  the  simple  relationship  of  creatinine  coefficient,  and 
total  creatine  coefficient,  which  was  found  in  man,  does  not  hold. 
The  creatinine  coefficient  of  the  adult  dog  is  given  by  Myers  and 
Fine  as  22.5  and  by  Benedict  and  Osterberg  (12)  as  27.6.  Our 
own  figures  in  Table  VIII  show  that  the  number  lies  around  such  a 
value.  The  total  creatine  coefficient  is  more  than  twice  the  value 
of  the  creatinine  coefficient.     Dogs  D,  K,  and  L.  B.,  were  almost 
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full  grown,  and  Dog  Fn.  had  reached  its  maximuni  creatinine  coeffi- 
cient at  the  close  of  our  experiments.  Nor  was  there  any  indica- 
tion that  the  amount  of  creatine  excreted  was  diminishing  with  the 
approach  of  adolescence.  Our  experiments,  however,  are  not 
definite  enough  to  disprove  such  a  point.  From  such  figures  one 
would  draw  the  conclusion  that  creatinuria  would  persist  through- 
out the  life  of  the  dog,  at  least  of  the  female,  as  all  our  animals 
were  of  that  sex.  Such  a  conclusion  would  be  contrary  to  the 
usually  accepted  fact  that  the  normal  adult  dog  excretes  no  crea- 
tine. Thus,  Krause  (13) ,  in  his  experiments  on  the  influence  of  the 
estrual  cycle,  upon  creatinuria,  observes  no  creatinuria  during  the 
intermenstrual  period  of  a  female  dog,  though  it  is  present  dm'ing 
the  estrum.  There  is,  however,  one  point  to  be  noted  in  our  animals. 
Although  they  had  attained  maximum  creatinine  coefficients,  or 
nearly  so,  they  were  still  capable  of  making  gains  in  nitrogen  and 
none  of  them  had  reached  sexual  maturity.  In  the  beginning  of 
this  paper,  we  have  stressed  the  influence  of  the  positive  N  balance 
on  the  height  of  the  excretion  and  prodvction  of  creatine.  We 
have  also  emphasized  the  effect  of  fasting  or  negative  N  balance 
upon  the  level  of  creatine  production  as  we  calculate  it.  We  do 
not  know,  however,  the  effect  of  a  continued  period  of  balance  in 
N  metabolism  upon  creatinuria.  We  should  infer  that  the  result 
would  be  a  diminution.  The  very  high  total  creatine  coefficient 
in  puppies  might  represent  a  factor  of  safety  in  creatine  production 
to'  meet  any  extraordinary  demand  which  might  arise  dming  a 
period  of  excessively  high  rate  of  growth  such  as  the  animal  can 
make  under  optimum  conditions. 

SUMMARY. 

1.  In  growing  dogs  on  diets  containing  increasing  amounts  of 
protein,  creatine  production  increases  and  finally  reaches  a 
maximum. 

2.  The  maximum  creatine  production  corresponds  to  the  maxi- 
mirni  positive  N  balance. 

3.  Creatine  excretion  in  the  growing  dog  under  conditions  of 
constant  N  intake,  varies  inversely  with  the  height  of  the  N  gain. 

4.  Catabolized  protein  per  se  cannot  be  considered  as  the  origin 
of  creatine. 
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5.  Data  on  the  growth  of  the  dog  correlating  gain  in  weight,  gain 
in  N,  and  gain  in  creatinine  excretion  are  given. 

6.  In  the  growing  dog,  as  an  average  figure,  it  is  found  that  1  gm. 
gain  in  N  is  correlated  with  the  absorption  of  58  mg.  of  creatine. 

7.  The  total  creatine  coefficient  of  puppies  is  more  than  twice 
the  value  of  the  creatinine  coefficient  of  the  adult  dog. 
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Protocol    1* 


DogD. 


Volume. 

Diet. 

N 
intake 
daily. 

Daily  analysis. 

Body 
weight. 

Date. 

Total 
Nof 
urine. 

N 
balance. 

Creat- 
inine. 

Creatine 
excreted. 

1921 

cc. 

gm. 

gm. 

gm. 

mg. 

mg. 

kg. 

Oct.   26 

240 

1^ 

1.33 

0.77 

48 

46 

2.43 

"     27 

210 

0.82 

48 

98 

2.45 

"     28 

270 

1.02 

47 

115 

2.47 

"     29 

190 

0.92 

52 

103 

2.46 

"     30 

2.42 

"      31 

125 

0.65 

44 

80 

2.46 

Nov.    1 

185 

1.00 

54 

108 

2.33 

"       2 

2.30 

"       3 

2.31 

"       4 

2.29 

"       5 

275 

0.92 

51 

61 

2.30 

"       6 

225 

0.78 

45 

66 

2.33 

u       7 

235 

0.73 

44 

67 

2.33 

"       8 

195 

0.85 

45 

85 

2.33 

"       9 

2.33 

"      10 

230 

0.86 

45 

102 

2.29 

"      11 

225 

0.98 

44 

114 

2.28 

"      12 

150 

0.98 

41 

137 

2.26 

"      13 

250 

1.05 

51 

117 

2.25 

Average 

1.33 

0.88 

+0.16 

47 

93 

2.35 

Nov.  14 

260 

1 

1.33 

0.73 

48 

66 

2.29 

"      15 

115 

0.72 

43 

53 

2.32 

"      16 

170 

0.78 

49 

53 

2.35 

"      17 

120 

0.78 

50 

52 

2.38 

"      18 

160 

0.92 

54 

60 

2.37 

"      19 

2.33 

"     20 

205 

0.78 

48 

53 

2.33 

"     21 

255 

0.77 

55 

61 

2.36 

"     22 

160 

0.73 

50 

61 

2.36 

"     23 

165 

0.67 

50 

32 

2.39 

"     24 

165 

0.77 

55 

47 

2.39 

"      25 

160 

0.87 

50 

75 

2.38 

Average 

1.33 

0.77 

+0.33 

50 

56 

2.35 

*  In  all  the  protocols,  the  days  on  which  no  analysis  appears  are  the  days 
on  which  the  experimental  diet  was  given,  but  the  animal  was  allowed  free- 
dom for  purposes  of  exercise. 
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Protocol  1 — -Concluded. 


N 

Daily  analysis. 

Date. 

Volume. 

Diet. 

intake 
daily. 

Total 
Nof 
urine. 

N 

Creat- 

Creatine 

Body 
weight. 

balance. 

inine. 

excreted. 

1921 

cc. 

gni. 

gin. 

am. 

mg. 

mg. 

kg. 

Nov.  26 

140 

2 

2,66 

1.08 

48 

93 

2.42 

"     27 

130 

1.26 

50 

90 

2.47 

"     28 

165 

1.23 

53 

65 

2.55 

"     29 

2.59 

"     30 

2.59 

Dec.     1 

175 

1.23 

61 

41 

2.67 

"        2 

175 

1.43 

65 

84 

2.70 

"       3 

200 

1.40 

63 

107 

2.69 

"       4 

115 

3 

1.14 

55 

78 

2.82 

"       5 

185 

1.38 

66 

77 

2.86 

"       6 

275 

1.54 

73 

94 

2.87 

"       7 

205 

1.27 

65 

79 

2.89 

"       8 

225 

1.39 

74 

128 

2.93 

"       9 

225 

1.39 

70 

117 

2.96 

Average 

2.66 

1.31 

+0.94 

62 

88    ■ 

2.71 

Dec.  10 

180 

4 

5.33 

2.55 

71 

106 

3.02 

'      11 

300 

3.36 

73 

88 

3.11 

'      12 

335 

3.45 

76 

50 

3.14 

'      13 

3.20 

'      14 

210 

3.14 

74 

44 

3.26 

'      15 

200 

3.23 

74 

53 

3.33 

'      16 

3.33 

'      17 

280 

3.30 

77 

89 

3.41 

'      18 

250 

3.72 

84 

99 

3.48 

'      19 

220 

4.13 

90 

150 

3.52 

'     20 

190 

2.84 

75 

121 

3,53 

Average 

5.33 

3.30 

+  1.23 

77 

89 

3.30 

V.  J.  Harding  and  0.  H.  Gaebler 
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Protocol  2* 


Dog  K. 


N 

Daily  analysis. 

Date. 

Volume. 

Diet. 

intake 
daily. 

Total 
Nof 
urine. 

N 
balance. 

Creat- 
inine. 

Creatine 
excreted. 

Body 
weight. 

1021 

cc. 

gm. 

gm. 

gm. 

mg. 

mg. 

kg. 

Oct.   26 

230 

1^ 

1.33 

0.81 

48 

49 

2.51 

"     27 

195 

0.83 

51 

87 

2.52 

"     28 

170 

0.83 

45 

80 

2.56 

"     29 

185 

0.86 

53 

105 

2.56 

"     30 

2.48 

"      31 

140 

0.77 

50 

75 

2.52 

Nov.    1 

235 

0.71 

46 

67 

2.48 

"       2 

125 

0.78 

51 

96 

2.50 

"       3 

140 

0.70 

47 

70 

2.47 

'•        4 

2.46 

"       5 

115 

0.72 

43 

73 

2.50 

"       6 

140 

0.77 

47 

66 

2.46 

u       7 

165 

0.87 

51 

66 

2.46 

"       8 

130 

0.92 

47 

80 

2.46 

"       9 

2.46 

Average 

1.33 

0.80 

+0.16 

48 

77 

2.49 

Nov.  10 

160 

2^ 

2.66 

1.30 

51 

87 

2.48 

"     11 

150 

1.39 

53 

81 

2.51 

"      12 

120 

1.39 

41 

77 

2.50 

"      13 

145 

1.41 

51 

86 

2.53 

"      14 

130 

2 

1.36 

51 

40 

2.59 

"      15 

135 

1.48 

51 

49 

2.59 

"      16 

125 

1.45 

52 

37 

2.65 

"      17 

140 

1.54 

61 

33 

2.68 

"      18 

140 

1.55 

60 

66 

2.67 

"      19 

2.68 

"     20 

185 

1.45 

61 

44 

2.70 

"     21 

110 

1.22 

58 

66 

2.76 

"     22 

135 

1.39 

57 

75 

2.77 

Average 

2.66 

1.41 

+0.85 

54 

62 

2.62 

Nov.  23 

110 

2 

2.66 

1.39 

55 

100 

2.78 

"     24 

155 

1.56 

62 

102 

2.78 

"     25 

110 

1.49 

60 

72 

2.83 

"     26 

160 

1.70 

59 

86 

2.81 
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Protocol  2 — Concluded. 


Daily  analysis. 

Volume. 

Diet. 

N 
intake 
daily. 

Body 
weight. 

Date. 

Total 

Nof 
urine. 

N 

Creat- 

Creatine 

balance. 

inine. 

excreted. 

19gl 

cc. 

gm. 

gm. 

gm. 

mg. 

mg. 

kg. 

Nov.  27 

135 

3 

1.70 

62 

84 

2.82 

"     28 

135 

1.54 

62 

91 

2.88 

"     29 

2.90 

"     30 

2.91 

Dec.     1 

120 

1.48 

63 

54 

2.98 

"         o 

165 

1.57 

75 

87 

2.96 

"       3 

125 

1.64 

65 

115 

2.94 

"       4 

105 

1.34 

62 

82 

3.03 

"       5 

155 

1.50 

72 

82 

3.05 

"       6 

140 

1.34 

65 

88 

3.10 

Average 

2.66 

1.52 

+0.69 

64 

87 

2.91 

Dec.     7 

185 

4 

5.33 

2.76 

72 

74 

3.12 

8 

225 

2.95 

79 

58 

3.24 

"       9 

3.16 

"     10 

150 

2.66 

81 

56 

3.25 

"      11 

225 

3.29 

83 

54 

3.39 

"     12 

320 

3.70 

82 

35 

3.39 

"      13 

215 

3.10 

78 

38 

3.36 

"     14 

160 

3.50 

74 

52 

3.42 

"     15 

175 

3.31 

81 

74 

3.49 

"     16 

3.30 

u     17 

225 

3.44 

82 

119 

3.40 

"     18 

220 

3.30 

82 

66 

3.45 

"      19 

240 

3.93 

84 

84 

3.51 

"     20 

215 

3.16 

90 

64 

3.45 

Average  

5.33 

3.26 

+  1.27 

81 

64 

3.35 

V.  J.  Harding  and  0.  H.  Gaebler 
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Protocol  3.* 


DogL.  B. 


Volume. 

pH 

Diet. 

N 
intake 
daily. 

Daily  analysis. 

Date. 

Total 
Nof 
urine. 

N 
balance. 

Creat- 
inine. 

Crea- 
tine 
ex- 
creted. 

Body 
weight. 

1921 

cc. 

gm. 

ym. 

gm. 

mg. 

mg. 

kg. 

July  21 

925 

8.4 

5 

2.00 

2.07 

271 

70 

9.16 

"     22 

955 

8.4 

1.80 

249 

123 

9.14 

"     23 

845 

8.4 

1.65 

258 

142 

9.15 

"     24 

910 

8.4 

1.51 

242 

98 

9.15 

"     25 

9.15 

Average 

2.0 

1.76 

0.00 

255 

108 

9.15 

July  26 

6 

5.55 

9.14 

"     27 

650 

7.4 

2.29 

226 

100 

"     28 

800 

7.4 

2.82 

272 

79 

9.41 

"     29 

880 

7.4 

1.96 

238 

27 

9.36 

"     30 

9.44 

"     31 

9.45 

Aug.     1 

875 

7.4 

2.61 

275 

80 

9.44 

"       2' 

830 

7.4 

2.56 

282 

113 

9.46 

Average 

5.55 

2.45 

+2.27 

259 

80 

9.39 

Aug.    3 

830 

8.0 

7 

10.88 

5.73 

263 

168 

9.67 

4 

755 

8.0 

6.20 

272 

74 

9.84 

"        5 

955 

8.0 

6.70 

274 

45 

10.02 

"       6 

815 

8.0 

6.90 

6.38 

292 

19 

10.16 

Average 

10.88 

+2.87 

275 

76 

9.92 
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Protocol  4- 
Dog  D,  diet  8,  N  intake  4.30  gm. 


Volume. 

Daily  analysis. 

Body 

Date. 

Total  N 
of  urine. 

N  balance. 

Creatinine. 

Creatine 
excreted. 

weight. 

19S2 

cc. 

gm. 

rjm. 

mg. 

mg. 

h-g. 

Jan.  15 

3.42 

"     16 

105 

2.48 

70 

35 

3.52 

"     17 

175 

3.28 

108 

24 

3.62 

"     18 

115 

2.39 

88 

16 

3.68 

"     19 

90 

2.08 

92 

17 

3.77 

"     20 

115 

2.37 

95 

19 

3.76 

"     21 

180 

2.18 

84 

12 

3.82 

"     22 

3.80 

"     23 

145 

2.39 

78 

18 

3.88 

"     24 

170 

2.40 

122 

38 

3.93 

Average 

2.45 

+  1.15 

92 

22 

3.72 

Jan.  25 

135 

2.58 

97 

61 

3.94 

"    26 

215 

3.04 

110 

150 

3.98 

"    27 

170 

3.03 

106 

130 

3.95 

"    28 

125 

2.96 

95 

107 

3.95 

"    29 

155 

3.80 

117 

87 

3.98 

"     30 

160 

3.60 

99 

46 

3.93 

"     31 

195 

3.96 

126 

43 

3.92 

Feb.    1 

170 

3.27 

113 

42 

4.03 

"       2 

160 

3.34 

106 

72 

4.06 

"       3 

195 

3.32 

115 

83 

4.05 

"       4 

150 

3.06 

108 

112 

4.10 

Average 

3.27 

+0.33 

108 

85 

3.99 

Feb.    5 

4.02 

"       6 

105 

2.80 

105 

108 

4.13 

"       7 

155 

3.24 

122 

184 

4.03 

"      8 

190 

3.42 

119 

175 

4.06 

"       9 

4.10 

"     10 

125 

2.79 

108 

107 

4.12 

"     11 

335 

3.76 

128 

80 

4.09 

"     12 

165 

3.13 

112 

82 

4.12 

"     13 

95 

2.70 

101 

84 

4.16 

"     14 

145 

3.36 

127 

130 

4.17 

Average 

3.15 

+0  20 

115 

119 

4.10 

V.  J.  Harding  and  0.  H.  Gaebler 


45 


Protocol  5* 
Dog  K,  diet  8,  N  intake  4.30  gm. 


Date. 

Volume. 

Daily  analysis. 

Body 

Total  N 
of  urine. 

N  balance. 

Creatinine. 

Creatine 
excreted. 

weight. 

1C22 

cc. 

gm. 

gm. 

my. 

mg. 

kg. 

Jan.  15 

3.30 

"     16 
"     17 

145 
165 

3.16 

•      2.89 

80 
79 

51 
33 

3.39 
3.42 

"     18 

125 

2.65 

83 

32 

3.54 

"     19 

210 

2.82 

91 

30 

3.60 

"     20 

170 

2.86 

85 

24 

3.56 

"     21 

115 

2.46 

85 

15 

3.65 

"     22 

3.62 

Average 

2.81 

+0.78 

84 

31 

3  51 

Jan.  23 

120 

2.70 

92 

9 

3.71 

"     24 

80 

2.28 

84 

9 

3.73 

"     25 

155 

2.58 

86 

20 

3.74 

"     26 

115 

2.36 

88 

9 

3.75 

"     27 

185 

2.86 

97 

15 

3.80 

"     28 

85 

2.50 

77 

6 

3.87 

"     29 

90 

2.33 

75 

11 

3.90 

"     30 
"     31 

130 

2.67 

89 

11 

3.86 
3.92 

Feb.    1 

140 

2.77 

110 

8 

3.98 

"       2 
"       3 

90 
200 

2.38 
2.58 

91 
104 

15 
24 

4.06 
4.08 

"       4 

130 

2.38 

95 

20 

4.05 

"       5 

125 

2.53 

108 

10 

4.12 

"       6 

110 

2.58 

105 

33 

4.19 

Average 

2.53 

+  1.01 

93 

14 

3  92 

Feb.    7 

115 

2.88 

99 

39 

4.10 

"      8 

165 

2.93 

105 

64 

4.12 

"       9 

140 

3.05 

104 

80 

4.10 

"     10 

140 

2.89 

102 

65 

4.13 

"     11 

140 

3.00 

108 

34 

4.14 

"      12 

210 

2.98 

102 

30 

4.14 

"     13 

85 

2.32 

95 

16 

4.14 

"     14 

130 

3.18 

132 

35 

4.18 

Average 

2.90 

+0.51 

106 

45 
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ALKALOSIS  VERSUS  ABNORMAL  SODroM  ION  CONCEN- 
TRATION AS  A  CAUSE  OF  TETANY. 

By  W.  DENIS  and  L.  von  MEYSENBUG. 

With  the  Assistance  of  Julia  Goddard. 

{From  the  Laboratory  of  Physiological  Chemistry  and  the  Department  of 
Pediatrics  of  the  School  of  Medicine,  Tulane  University,  New  Orleans.) 

(Received  for  publication,  June  25,  1923.) 

The  popularity  of  sodium  bicarbonate  therapy  in  pediatric 
practice  has  in  recent  years  led  to  the  recognition  of  numerous 
cases  of  tetany  in  children  (1),  presmnably  brought  on  by  an 
excessive  administration  of  the  drug;  and  even  a  few  examples  of 
adult  tetany  apparently  referable  to  an  excessive  administration 
of  sodiimi  bicarbonate  have  been  reported  in  the  literature  (2) . 

Two  views  as  to  the  cause  of  "bicarbonate  tetany"  have  been 
advanced.  According  to  Van  Slyke  (3)  tetany  is  observed  when 
the  hydrogen  ion  concentration  of  the  blood  has  attained  a  pH 
of  about  7.8,  whether  this  abnormal  hydrogen  ion  concentration 
is  caused  by  an  uncompensated  CO2  deficit  or  by  an  uncompensated 
alkali  excess.  Greenwald  (4),  however,  maintains  that  the  part 
played  by  alkalosis  is  a  distinctly  negligible  factor,  that  the  cause 
of  tetany  in  these  cases  is  the  presence  in  the  body  of  a  prepon- 
deratingly  large  amount  of  sodium  salts;  in  other  words,  that 
tetany  following  the  administration  of  large  amounts  of  sodium 
bicarbonate  is  a  demonstration  of  the  poisonous  effect  of  the 
sodimn  ion.  In  proof  of  his  view  Greenwald  has  carried  out  many 
experiments  on  dogs  in  which  he  has  shown  that  convulsions  may 
be  produced  not  only  by  the  intravenous  injection  of  large  amounts 
of  sodium  bicarbonate  but  also  by  the  administration  of  sodium 
chloride,  phosphate,  or  sulfate. 

In  the  summary  to  his  last  paper  on  the  subject  Greenwald 
makes  the  following  statement : 

"At  the  time  convulsions  appear,  the  concentration  of  sodium  in  the 
plasma  is  the  same  as  was  observed  after  the  injection  of  other  sodium 
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salts  (chloride,  sulfate,  phosphate).  The  convulsions  arc  ascribed  to 
'sodium  poisoning,'  a  disturbance,  due  to  an  excess  of  sodium,  of  the 
normal  equilibrium  between  sodium  and  other  ions." 

According  to  the  views  most  commonly  accepted  the  appearance 
of  tetany  is  indicated  by  an  increased  irritabihty  of  the  motor  and 
sensory  nerves  to  electrical  or  mechanical  stmiulation,  and  it  is, 
we  believe  generally  conceded  by  both  clinicians  and  physiologists 
that  it  is  practically  impossible  to  state  with  absolute  certainty 
whether  convulsions  observed  in  man  or  in  animals  are  or  are  not 
due  to  tetany  without  a  determination  of  the  electrical  reactions. 
As  apparently  most  of  the  investigators  who  have  worked  on 
"sodium  bicarbonate  tetany"  have  not  taken  the  precautions  to 
make  observations  of  electrical  excitability  it  has  seemed  to  us 
worth  while  to  repeat  some  of  the  work  involving  the  injection  of 
sodium  salts  and  in  addition  to  observe  the  response  of  these 
animals  to  electrical  stimulation. 

Dogs  were  used  throughout  the  investigation.  These  animals 
were  brought  to  the  laboratory  at  least  1  week  before  operation, 
and  only  animals  who  appeared  to  be  in  good  health  were  used. 
Our  experiments  were  all  carried  out  during  the  morning  hours  on 
animals  who  had  had  no  food  since  noon  of  the  previous  day. 

The  general  experimental  procedures  used  were  as  follows: 

After  the  animal  had  been  fastened  to  an  animal  holder  the  inner  surface 
of  the  leg  and  the  abdomen  were  shaved.  Ether  was  then  administered,  and 
as  soon  as  anesthesia  was  sufficiently  deep  a  tracheal  cannula  was  inserted 
and  a  sample  of  blood  (20  to  50  cc.)  was  removed  from  the  carotid  artery. 
A  solution  of  the  salt  under  investigation  was  then  injected  into  the  external 
jugular  vein  at  intervals  as  indicated  in  the  protocols  of  the  individual 
experiments.  Further  samples  of  blood  were  removed  from  the  carotid 
artery  at  appropriate  times,  and  finally  the  electrical  reactions  of  the 
peroneal  nerve  were  determined  before  the  administration  of  salt  solutions 
and  at  approximately  15  minute  intervals  thereafter  until  the  conclusion 
of  the  experiment. 

At  each  withdrawal  of  blood  two  samples  were  taken;  the  first  being 
received  under  mineral  oil  in  a  tube  containing  a  little  powdered  potassium 
oxalate  was  used  for  the  determination  of  the  CO2  content  by  the  method  of 
Van  Slyke  and  Cullen  (5)  and  of  the  pH  by  the  colorimetric  procedure 
of  Cullen  (6),  the  second  was  removed  with  a  syringe,  allowed  to  clot  in 
the  refrigerator,  and  used  for  the  determination  of  sodium  by  the  method 
of  Kramer  and  Tisdall  (7),  and  of  calcium  by  the  procedure  of  Clark  (S). 

The  electrical  reactions  were  determined  with  a  Victor  galvanic  wall 
plate  to  which  a  specially  built  milliammeter  was  attached.     This  milliam- 
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meter  has  a  range  of  from  0  to  10  miiliamperes  and  is  graduated  in  0.1 
milliampere.  The  stimulating  electrode  was  of  the  globule  Stinzig  type, 
while  the  indifferent  electrode  was  constructed  of  a  wide  band  of  copper  to 
one  margin  of  which  a  binding  post  had  been  attached,  the  electrode  being 
covered  with  wadding  so  as  to  absorb  the  salt  solution.  This  electrode  was 
placed  around  the  shaved  abdomen  of  the  animal  and  the  edges  were  tied 
fairly  tightly  together.  The  peroneal  nerve  in  the  leg  was  sought  and  hav- 
ing been  located,  the  Stinzig  electrode  was  not  moved  until  each  group  of 
reactions  had  been  completed.  Salt  solution  was  used  to  keep  the  elec- 
trodes moist.  Reactions  which  are  considered  characteristic  of  tetany  or 
spasmophilia  are  those  showing  either  anodal  reversal  (AOC  <  ACC 
and  <  5  miiliamperes)  or  COC  <  5  miiliamperes  or  CCTe  =  5  miiliamperes. 

Reactions  showing  AOC  <  5  miiliamperes  but  >  ACC  are 
suggestive  of  approaching  hyperirritability,  but  are  not  considered 
of  the  spasmophilic  type  by  the  majority  of  workers  in  this  field. 

Experiment  1. 

Administration  of  Sodium  Bic<nhonale. 

Dec.  20,  1922.     Dog  1,  male,  weight  6  kg.,  a  very  young  animal. 

10.05  a.m.     Ether  administration  started. 

10.15-10.20  a.m.     CCC  ACC  AOC  COC 

1.0  4.4  5.7  7.5 

10.45  a.m.     40  cc.  blood  taken  from  the  carotid  artery  (Sample  1). 

10.50  a.m.  CCC     ACC     AOC     COC 
1.0      4.3       >5      >5 

11.20-11.30  a.m.     Injected  50  cc.  10  per  cent  NaHCOa  solution. 

11.30  a.m.  CCC     ACC     AOC     COC 
1.5      6.2      >10     >10 

11.35  a.m.     50  cc.  blood  taken  from  the  carotid  artery  (Sample  2). 

11.40  a.m.  CCC     ACC     AOC     COC 
1.7      6.7      >10     >10 

11.52  a.m.  CCC     ACC     AOC     COC 
2.5      6.6      >10     >10 

11.4.3-11.55  a.m.     Injected  50  cc.   10  per  cent  NaHCOs  solution;  at 
11.50  a.m.  respiration  became  much  slower. 

12.10  p.m.     50  cc.  blood  taken  from  the  carotid  artery  (Sample  3). 

12.20  p.m.     CCC  ACC  AOC  COC 

1.5  3.5  2.7  9.0 

The  total  amount  of  sodium  bicarbonate  injected  was  15  gm.  which  is 
equivalent  to  2.5  gm.  per  kg.  (0.67  gm.  Na  per  kg.) . 
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Analysis  of  Serum  and  Plasma. 


Sample  No. 

pH 

CO2 

Na 

Ca 

vol.  per  cent 

mg.  per  100  cc. 

mg.  per  100  cc. 

1 

7.4 

42.8 

361 

10.3 

2 

7.45 

78. 0 

449 

10.4 

3 

7.6 

94.6 

478 

10.4 

Experiment  2. 
Adminislraiion  of  Sodium  Bicarbonate. 
Dec.  29,  1922.     Dog.  2,  male,  weight  16  kg. 

10.00  a.m.     Ether  administration  started. 

10.30  a.m.  CCC     ACC     AOC     COC 
2.5      6.7      >10     >10 

10.50  a.m.     40  cc.  blood  taken  from  the  carotid  artery  (Sample  1). 

11.05  a.m.  CCC     ACC     AOC     COC 
3.2      7.0      >10      >10 

11.30-11.32  a.m.     Injected  50  cc.  10  per  cent  NaHCOa  solution   into 
external  jugular  vein. 

11.45  a.m.  CCC     ACC     AOC     COC 
3.5      8.0      >10      >10 

12.10  p.m.     40  cc.  blood  taken  from  carotid  artery  (Sample  2). 

12.20-12.24  p.m.     Injected  100  cc.  10  per  cent  NaHCOj  solution  into 
external  jugular  vein. 

12.30  p.m.  CCC     ACC     AOC     COC 
4.5      9.0      >10      >10 

12.50  p.m.     Complete  failure  of  respiration,  40  cc.  blood  removed  from 
the  heart  (Sample  3). 

The  total  amount  of  sodium  bicarbonate  injected  was  15  gm.  which  is 
equivalent  to  0.93  gm.  per  kg.  (0.25  gm.  Xa  per  kg.). 


Analysis 

of  Serum  and  Plasma. 

Sample  No. 

pH 

COz 

Na 

Ca 

vol.  per  cent 

mg.  per  100  cc. 

mg.  per  100  cc. 

1 

7.4 

42.8 

371 

9.3 

2 

7.44 

57.9 

451 

8.6 

3 

7.5 

86 

540 

7.3 

W.  Denis  and  L.  von  Meysenbug 


51 


Experiment  3. 

Administration  of  Sodium  Bicarbonate. 
Jan.  10,  1923.     Dog  3,  male,  weight  9  kg. 
9.10  a.m.     Ether  administration  started. 
9.40  a.m. 


CCC 
1.0 


ACC 
4.0 


AOC 
7.3 


COC 
10 


10.18  a.m. 

10.40  a.m. 
10.50  a.m. 


COC 
>10 


COC 
>10 


10.00  a.m.     50  cc.  blood  taken  from  the  carotid  artery  (Sample  1). 

10.09-10.15  a.m.     Injected  50  cc.  10  per  cent  NaHCOs  solution  into  the 
e.xternal  jugular  vein. 

CCC  ACC  AOC 

1.2  5.0  >10 

50  cc.  blood  taken  (Sample  2). 

CCC  ACC  AOC 

1.7  5.4  >10 

10.58-11.01  a.m.     Injected  50  cc.  10  per  cent  NaHCOs  solution. 

11.02-11.06  a.m.     Duplicated  the  above  injections. 

11.04-11.14  a.m.     CCC  ACC  AOC  COC 

1.6  4.5  5.4  >10 

11.25  a.m.     25  cc.  blood  taken  (Sample  3). 

11.31-11.37  a.m.     Injected  50  cc.  10  per  cent  XaHCOs  solution. 

12.00-12.04  p.m.     CCC  ACC  AOC  COC 


1.5  3.5  4.4 

12.15  p.m.     50  cc.  blood  taken  (Sample  4). 
1.00  p.m.     CCC  ACC  AOC  COC 


>10 


1.0 


3.3 


2.5 


9.0 


3.35  p.m.     Respiration  failed  and  a  final  sample  of  blood  was  taken 
from  the  heart  (Sample  5). 

The  total  amount  of  sodium  bicarbonate  injected  was  20  gm.  which  is 
equivalent  to  2.2  gm.  per  kg.  (0.59  gm.  Na  per  kg.). 


Analysis 

of  Serum  and  Plasma. 

f-'aniple  No. 

pH 

CO2 

Na 

Ca 

vol.  per  cent 

mg.  per  ICO  cc. 

mg.  per  100  cc. 

1 

7.38 

42.4 

367 

12 

2 

7.46 

60.4 

379 

10.2 

3 

7.52 

103.8 

474 

9.8 

4 

7.52 

107.6 

595 

9.3 

5 

7.50 

332 

9.3 
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Jan. 25, 1923 
8.40  a.m. 
9.00  a.m. 

9.35  a.m. 


Experiment  4. 

Administration  of  Sodium  Bicarbonate. 

Dog 4,  male,  weight  12  kg. 

Ether  administration  started. 

CCC     ACC     AOC     COC 
2.6      5.3      >10      >10 

CCC     ACC     AOC     COC 
1.3      6.5      4.5      >10 

9.40  a.m.     20  cc.  blood  taken  from  the  carotid  artery  (Sample  1). 

10.00  a.m.     Injected  50  cc.   10  per  cent  NaHCOa  solution  into    the 
external  jugular  vein. 

10.12  a.m.     CCC  ACC  AOC  COC 

1.2  3.1  4.0  >10 

10.22-10.23  a.m.     Injected  50  cc.  10  per  cent  NaHCOs  solution. 

10.30  a.m.  CCC     ACC     AOC     COC 
1.0      3.0      3.5      >10 

10.35-10.37  a.m.     Injected  50  cc.  10  per  cent  NaHCOs  solution. 

10.50  a.m.  CCC     ACC     AOC     COC 
1.0      3.1      2.6      >10 

10.55-10.56  a.m.    Injected  50  cc.  10  per  cent  NaHCOs  solution. 

11.15  a.m.  CCC     ACC     AOC     COC 
0.7      3.5      2.6      >10 

11.33-11.35  a.m.     Injected  50  cc.  10  per  cent  NaHCOs  solution. 

12.05  p.m.     CCC  ACC  AOC  COC 

1.0  4.0  3.5  CCTe6 

12.25  p.m.    45  cc.  blood  taken  from  the  carotid  artery  (Sample  2). 

3.00  p.m.     CCC  ACC  AOC  COC 

1.3  3.5  4.4  CCTe4.5 

3.15  p.m.     40  cc.  blood  taken  from  carotid  artery  (Sample  3). 

The  total  amount  of  sodium  bicarbonate  injected  was  25  gm.  which  is 
equivalent  to  2.0  gm.  per  kg.  (0.54  gm.  Na  per  kg.) . 

Analysis  of  Serum  and  Plasma. 


Sample  No. 

pH 

CO2 

Na 

Ca 

vol.  per  cent 

mg.  per  100  cc. 

Tng.  per  100  cc. 

1 

7.4 

33.4 

12.0 

2 

7.58 

96.2 

444 

10.1 

3 

7.44 

69.2 

463 

9.6 
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Experiment  5. 
Administration  of  Sodium  Bicarbonate. 
Mar.  19,  1923.     Dog  5,  young  male,  weight  10.2  kg. 


8.50  a.m.     Administration  of  ether  started. 


8.55  a.m.  CCC 
3.5 


ACC 

6.2 


AOC 
>10 


COC 
>10 


9.10  a.m.     50  cc.  blood  taken  from  the  carotid  artery  (Sample  1). 

9.20-9.21  a.m.     Injected  50  cc.  10  per  cent  NaHCOs  solution  intOj^the 
external  jugular  vein. 


9.35  a.m.     CCC 
3.0 


ACC 

6.5 


AOC 
6.0 


COC 
>10 


9.41-9.43  a.m.     Injected  50  cc.  10  per  cent  NaHCOs  solution. 

9.55  a.m.     CCC  ACC  AOC  COC 

3.0  6.5  3.5  >10 

10.03-10.05  a.m.     Injected  50  cc.  10  per  cent  NaHCOs  solution. 

10.20  a.m.  CCC     ACC     AOC     COC 
2.5      5.5      3.0      >10 

10.27-10.29  a.m.     Injected  50  cc.  10  per  cent  NaHCOs  solution. 

10.35  a.m.     50  cc.  blood  taken  (Sample  2). 

11.21-11.24  a.m.     Injected  50  cc.  10  per  cent  NaHCOs  solution. 


11.25  a.m.     CCC 
2.5 


ACC 
5.4 


AOC 
3.0 


COC 
9.0 


11.42  a.m.     Respiration  which  had  become  very  slow   and  shallow 
ceased  entirely. 

11.44  a.m.     50  cc.  blood  taken  from  the  heart  (Sample  3). 

The  total  amount  of  sodium  bicarbonate  injected  was  25  gm.  which  is 
equivalent  to  2.4  gm.  per  kg.  (0.658  gm.  Na  per  kg.). 

Analysis  of  Serum  and  Plasma. 


Sample  No. 

pH 

CO2 

Na 

Ca 

vol.  per  cent 

mg.  per  100  cc. 

mg.  per  100  cc. 

1 

7.4 

41.4 

347 

10.8 

2 

7.55 

98.2 

528 

9.0 

3 

7.52 

97.0 

481 

7.9 
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Expcriyncnt  6. 

Adminisiratiim  of  Sodiuin  Chloride. 
Feb.  12,  1923.     Dog  6,  male,  weight  14  kg. 

9.00  a.m.     Administration  of  ether  started. 

9.30  a.m.  CCC     ACC     AOC     CGC 
1.0      >10      >10      >10 

10.12  a.m.     40  cc.  blood  taken  from  the  carotid  artery  (Sample  1). 

10.15  a.m.  CCC     ACC     AOC     COC 
If)      3.0       >o      >5 

10.20-10.26  a.m.     Injected  50  cc.  10  per  cent  NaCl  solution  into  the 
external  jugular  vein. 

10.30  a.m.  CCC     ACC     AOC     COC 
3.0      4.3      >10      >10 

10.36-10.38  a.m.     Injected  50  cc.  10  per  cent  NaCI  solution. 

10.45  a.m.  CCC     ACC     AOC     COC 
3.0      4.5      >10      >10 

11.00  a.m.  CCC     ACC     AOC     COC 

3.3  4.4  >10  >10 

11.04-11.06  a.m.     Injected  50  cc.  10  per  cent  NaCl  solution. 

11.08  a.m.     CCC  ACC  AOC  COC 

3.0  4.0  >10  >10 

11.25  a.m.     40  cc.  blood  withdrawn  (Sample  2). 

11.30  a.m.     CCC  ACC  AOC  COC 

4.4  9.5  >10  >10 

11.32-11.34  a.m.  Injected  50  cc.  10  per  cent  NaCl  solution. 
11.55  a.m.  Spasmodic  twitching  of  the  muscles  was  noted. 
12.12  p.m.    40  cc.  blood  taken  (Sample  3). 


2.20  p.m. 

CCC 

ACC 

AOC 

COC 

5.5 

7.0 

>10 

>10 

3.00  p.m. 

CCC 

ACC 

AOC 

COC 

7.5 

>10 

>10 

>10 

3.15  p.m.     50  cc.  blood  taken  (Sample  4). 
3.25  p.m.     Animal  killed. 

The  total  amount  of  sodium  chloride   injected  was  20  gm.  which  is 
equivalent  to  1.4  gm.  per  kg.  (0.54  gm.  Na  per  kg.). 
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Analysis  of  Serum  and  Plasma. 


Sample  No. 

pH 

CO2 

Na 

Ca 

CI 

vol.  per  cent 

mg.  per  100  cc. 

mg.  per  100  cc. 

mg.  per  100  cc. 

1 

7.4 

55.0 

370 

12.1 

388 

2 

7.4 

30.5 

441 

12.1 

465 

3 

7.36 

20.2 

441 

11.9 

472 

4 

7.36 

14.5 

433 

10.3 

469 

Experiment  7. 

Administration  of  Sodium  Chloride. 
Feb.  21,  1923.     Dog  7,  female,  weight  15  kg. 
8.45  a.m.     Administration  of  ether  started. 


9.35  a.m.  CCC 
2.0 


ACC 
3.6 


AOC 
>10 


COC 
>10 


9.45  a.m.     50  cc.  blood  taken  from  the  carotid  artery  (Sample  1). 

9.55-9.59  a.m.     Injected  50  cc.  10  per  cent  NaCl  solution  into  the 
external  jugular  vein. 

10.00  a.m.     CCC  ACC  AOC  COC 

2.5  5.5  >10  >10 

10.08-10.10  a.m.     Injected  50  cc.  10  per  cent  NaCl  solution. 

10.20  a.m.     CCC  ACC  AOC  COC 

4.0  6.5  >10  >10 

10.23-10.25  a.m.     Injected  50  cc.  10  per  cent  NaCl  solution. 

10.38  a.m.  CCC     ACC     AOC     COC 
4.0      6.5      >10      >10 

10.41-10.42  a.m.     Injected  50  cc.  10  per  cent  NaCl  solution. 

10.50  a.m.     Heart   stopped   beating.     50   cc.    blood   taken   from    the 
heart  (Sample  2). 

The  total  amount  of  sodium  chloride  injected  was  20  gm.  which  is  equiva- 
lent to  1.3  gm.  per  kg.  (0.50  gm.  Na  per  kg.). 


Analysis 

of  Serum  and  Plasma. 

Sample  No. 

CO2 

Na 

Ca 

CI 

1 

2 

vol.  per  cent 

48.8 
21.1 

mg.  per  100  cc. 

372 
464 

mg.  per  100  cc. 
11.2 
10.4 

?ng.  per  100  cc. 

382 
475 
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Experiment  8. 
Administration  of  Sodium  Sulfate. 
Feb.  5,  1923.     Dog  8,  young  male,  weight  7  kg. 

8.30  a.m.     Administration  of  ether  started. 

8.50  a.m.  CCC     ACC     AOC     COC 
1.6      3.0      >10      >10 

9.15  a.m.     50  cc.  blood  taken  from  the  carotid  artery  (Sample  1). 

9.26-9.29  a.m.     Injected  50  cc.   10  per  cent  Na2S04  sohition   (an- 
hydrous) into  the  external  jugular  vein. 

9.40  a.m.     CCC  ACC  AOC  COC 

1.6  3.3  4.7  >10 

9.46-9.48  a.m.     Injected  50  cc.  10  per  cent  Na2S04  solution. 

9.55  a.m.     CCC  ACC  AOC  COC 

1.8  3.5  4.5  >10 

10.01-10.03  a.m.    Injected  50  cc.  10  per  cent  Na2S04  solution. 

10.10  a.m.  Urine,  which  appeared  to  be  extremely  dilute,  began  to 
drip  from  the  urethra,  and  continued  to  do  so  during  the 
remainder  of  the  experiment. 

10.15  a.m.     CCC  ACC  AOC  COC 

1.7  4.0  4.0  >10 

10.18-10.20  a.m.    Injected  50  cc.  10  per  cent  Na2S04  solution. 

10.40  a.m.  CCC     ACC     AOC     COC 
2.5      5.2      8.5      >10 

10.42-10.44  a.m.     Injected  50  cc.  10  per  cent  Na2S04  solution.' 

10.45  a.m.  Respiration  very  slow,  pulse  good,  no  eye  reflex,  but  fore- 
legs began  to  shake,  and  a  general  twitching  and  jerking 
of  all  the  muscles  of  the  body  were  noted. 

10.55  a.m.     50  cc.  blood  taken  (Sample  2). 

10.58  a.m.     No  eye  reflex,  the  muscular  spasms  had  stopped. 

11.00  a.m.  CCC     ACC     AOC     COC 
3.0      6.5      9.0      >10 

11.05  a.m.  Muscular  twitchings  and  jerkings  had  returned,  there  was 
violent  twitching  of  the  whiskers,  no  eye  reflex. 

11.09  a.m.  Another  convulsive  seizure  had  begun  and  lasted  about 
half  a  minute.  In  the  intervals  between  convulsions  the 
respirations  were  very  rapid. 

11.13  a.m.     Another  convulsive  seizure  had  begun. 
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11.40  a.m. 

Animal  quiet. 

CCC            ACC 

AOC 

COC 

3.0               4.6 

7.5 

>10 

11.50  a.m.  Injected  20  cc.  10  per  cent  CaCl2  solution  subcutaneously 
into  two  areas  in  the  thigh. 

12.10  p.m.  Injected  15  cc.  10  per  cent  CaCU  solution  into  the  femoral 
vein.  The  convulsions  continued  at  intervals  and  were 
apparently  unaffected  by  the  administration  of  the 
calcium  salt. 

12.20  p.m.  50  cc.  blood  taken  (Sample  3).  The  animal  which  still 
continued  to  have  convulsions  at  intervals  was  killed 
at  12.35  p.m. 

The  total  amount  of  sodium  sulfate  injected  was  25  gm.  which  is  equiva- 
lent to  3.5  gm.  per  kg.  (1.16  gm.  Na  per  kg.). 

Analysis  of  Sertim  and  Plasma. 


Sample  No. 

pH 

CO2 

Na 

Ca 

Remarks. 

vol.  per  cent 

mg.  per 

100  cc. 

mg.  per 
100  cc. 

1 

7.4 

42 

391 

12.1 

2 

7.32 

27.7 

572 

8.9 

3 

7.28 

16.4 

539 

30.6 

After    CaCU    injection 
intravenously. 

Experiment  9. 
Administration  of  Sodium  Sulfate. 
Mar.  14,  1923.     Dog  9,  male,  weight  8.1  kg. 

8.35  a.m.     Administration  of  ether  started. 


8.50  a.m.     CCC 
1.7 


ACC 

4.2 


AOC 

8.2 


COC 
>10 


9.05  a.m.    50  cc.  blood  taken  from  the  carotid  artery  (Sample  1). 

9.11-9.13  a.m.     Injected  50  cc.  10  per  cent  Na2S04  solution  into  the 
external  jugular  vein. 

9.30  a.m.     CCC  ACC  AOC  COC 

1.2  4.3  6.5  >10 

9.32-9.35  a.m.     Injected  50  cc.  10  per  cent  Na2S04  solution. 

9.45  a.m.     CCC  ACC  AOC  COC 

1.6  3.8  4.2  >10 
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9.53-0.55  a.m.     Injected  50  cc.  10  per  cent  Na2S04  solution. 

10.10  a.m.  CCC     ACC     AOC     COC 
2.0      4.5      0.5      >10 

10. 14-10. IG  a.m.     Injected  50  cc.  10  per  cent  Na2S04  solution. 

10.15  a.m.     Respirations  became  very  slow. 

10.25  a.m.     50  cc.  blood  taken  (Sample  2). 

10.51-10.55  a.m.     Injected  50  cc.  10  per  cent  Na-2S04  solution. 

11.55  a.m.     Dog  died  of  respiratory  failure. 

The  total  amount  of  sodium  sulfate  injected  was  25  gm.  which  is  equiva- 
lent to  3.1  gm.  per  kg.  (1.03  gm.  Na  per  kg.). 


Ajialyses 

of  Serum  and  Plasma. 

Sample  No. 

pH 

CO2 

Na 

Ca 

1 
2 

7  35 
7.32 

val.  per  cent 

30.5 
23.3 

mg.  per  100  cc. 

321 
491 

mg.  per  100  cc. 

10.9 
9.9 

Controls. 

In  order  to  study  the  effect  of  prolonged  etherization  on  the  elec- 
trical excitability  of  the  peripheral  nerves  the  following  two  experi- 
ments were  carried  out. 


Experiment  10. 
Feb.  5,  1923.     Dog  10,  female,  weight  4  kg. 
9.15  a.m.     Ether  administration  begun. 


9.45  a.m. 

CCC 

ACC 

AOC 

COC 

1.0 

3.0 

5  0 

5.5 

10.05  a.m. 

30  cc. 

bloc 

)d  withd 

rawn  from  carotid  ar 

11.00  a.m. 

CCC 

ACC 

AOC 

COC 

1.2 

3.0 

4.9 

5.5 

12.00  m. 

CCC 

ACC 

AOC 

COC 

1.2 

2.9 

5.5 

>10 

1.30  p.m. 

Dogd 

ied. 
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Experiment  11. 

Feb.  8,  1923. 

Dog  11,  male,  weight  7.S  kg. 

8.50  a.m. 

Ether 

begun . 

9.35  a.m. 

CCC 

ACC 

AOC 

COC 

3.2 

5.0 

>10 

>10 

10.35  a.m. 

CCC 

ACC 

AOC 

COC 

2.5 

5.6 

>10 

>10 

11.00  a.m. 

Dog  di 

ed. 

A  summary  of  Experiments  1  to  11  inclusive  is  given  in  Table  I. 

It  will  be  noted  that  with  the  exception  of  Experiment  2,  in 
which  the  dosage  of  sodimn  bicarbonate  was  low,  all  the  experi- 
ments in  which  this  salt  was  injected  resulted  in  the  attaimnent  of 
a  condition  of  hyperirritability  as  shown  by  the  spasmophilic 
reactions,  which  were  invariably  observed.  On  the  other  hand, 
in  the  two  experiments  in  which  sodimn  chloride  was  injected  the 
electrical  reactions  showed  a  constant  decrease  in  irritability, 
although  serimi  sodimn  rose  19  and  24  per  cent,  respectively,  and 
the  calcimn  showed  a  slight  decrease.  In  the  two  experiments  in 
which  sodium  sulfate  was  injected  it  was  noted  that  after  two  or 
three  injections  of  the  salt  the  reactions  approached  the  spasmo- 
philic type,  but  on  the  injection  of  more  sodium  sulfate  they  again 
became  normal.  In  both  the  sodium  chloride  and  the  sodium 
sulfate  experiments  marked  acidosis  developed  as  shown  by  the 
fall  in  CO2  content  of  the  plasma,  and  in  all  these  experiments 
there  was  also  a  fall  in  the  calcium  concentrations,  which  latter 
finding  is  difficult  to  explain  except  on  the  theory  of  dilution  of  the 
blood  b}'  the  large  volmnes  of  fluid  injected. 

With  the  exception  of  Experiments  2,  10,  and  11  there  invariably 
occurred,  sometimes  after  two  or  three  injections  of  salt,  sometimes 
only  after  the  entire  amount  had  been  given,  various  twitching  and 
jerking  movements,  frequently  associated  with  great  rigidity  of 
the  limbs,  which  might  well  be  termed  "convulsions,"  but  which 
in  the  case  of  the  dogs  injected  with  sodium  chloride  and  sodimn 
sulfate  were  accompanied  by  electrical  reactions  which  were  abso- 
lutely normal. 

Our  results  are  therefore  confirmatory  of  the  findings  of  Green- 
wald,  as  regards  the  production  of  convulsive  movements  in  dogs 
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TABLE  I. 
Summary  of  Experiments  1  to  11. 


Experi- 
ment 

No. 


Salt  used. 


NaHCOa 


NaHCOs 


NaHCOa 


NaHCO. 


NaHCOa 


NaCl 


Na 


gm. 
■per  kg. 

0.67 


0.25 


0.59 


0.54 


0.65 


0.54 


Remarks. 


Reactions  taken  after  the  last  portion  of 
NaHCOs  solution  had  been  injected  were  of 
spasmophilic  type.  Examination  of  serum 
showed  no  change  in  calcium;  sodium  rose 
from  361  to  478  mg.;  pH  from  7.4  to  7.6;  and 
CO2  from  42.8  to  94.6  vol.  per  cent. 

Reactions  show  a  constant  decrease  in  irrita- 
bilit}'.  Examination  of  serum  showed  a  de- 
crease of  calcium  from  9.3  to  7.3  mg. ;  sodium 
rose  from  371  to  540  mg.;  pH  from  7.4  to  7.5; 
and  CO2  from  42.8  to  86  vol.  per  cent. 

Observations  taken  after  final  injection  of 
NaHCOs  showed  reactions  of  spasmophilic 
type.  Examination  of  serum  showed  a  de- 
crease in  calcium  from  12  to  9.3  mg.;  a  rise  in 
sodium  from  367  to  595  mg. ;  in  pH  from  7.38 
to  7.5;  and  in  CO2  from  42.4  to  107.6  vol.  per 
cent. 

Reactions  taken  after  the  last  injection  of 
sodium  bicarbonate  showed  definite  spas- 
mophilia. The  serum  calcium  fell  from  12 
to  9.6  mg.;  the  pH  rose  from  7.4  to  7.58;  and 
the  CO2  from  33.4  to  96.2  vol.  per  cent. 

Reactions  taken  after  the  last  injection  of 
sodium  bicarbonate  showed  definite  spas- 
mophilia. The  serum  calcium  was  found  to 
have  fallen  from  10.8  to  7.9  mg.;  the  sodium 
rose  from  347  to  528  mg. ;  pH  from  7.4  to  7.52; 
and  CO2  from  41.4  to  98.2  vol.  per  cent. 

Reactions  showed  a  constant  decrease  in  irrita- 
bility. The  serum  calcium  was  decreased 
from  12.0  to  10.3  mg.;  sodium  increased  from 
370  to  441  mg. ;  pH  decreased  from  7.4  to  7.36; 
and  CO2  from  55.0  to  14.5  vol.  per  cent. 
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TABLE  I— Concluded. 


Experi- 
ment 
No. 


10 


11 


Salt  used. 


NaCl 


Na2S04 


Na2S04 


Control. 


Control. 


Na 


gm. 

per  kg. 

0.50 


1.16 


1.03 


Remarks. 


Reactions  showed  a  constant  decrease  in  irrita- 
bility. The  serum  calcium  decreased  from 
11.2  to  10.4  mg.;  sodium  increased  from  372 
to  464  mg.;  and  CO2  decreased  from  48.8  to 
21.1  vol.  per  cent. 

Reactions  taken  at  10.15  a.m.  after  the  third 
injection  of  Na2S04  approached  the  spas- 
mophilic type,  but  never  definitely  reached 
it.  Those  taken  after  the  final  injection 
were  normal.  Serum  calcium  decreased 
from  12.1  to  8.9  mg.;  sodium  increased  from 
391  to  572  mg.;  pH  decreased  from  7.4 
to  7.28;  and  CO2  from  42  to  16.4  vol. 
per    cent. 

Reactions  taken  at  9.45  a.m.  after  the  second  in- 
jection of  Na2S04  approached  the  spasmo- 
philic type.  At  10.10  a.m.  (after  the  third 
injection)  they  were  normal.  The  serum 
calcium  fell  from  10.9  to  9.9  mg.;  sodium  in- 
creased from  321  to  491  mg.;  and  CO2  de- 
creased from  30.5  to  23.3  vol.  per  cent. 

Reactions  obtained  at  intervals  for  3  hours  on 
an  etherized  dog  showed  no  striking 
variations. 

Reactions  obtained  at  intervals  for  a  period 
of  2  hours  on  an  etherized  dog  showed  no 
striking  variations. 


by  the  injection  of  large  quantities  of  sodimxi  ])icarbonate,  sulfate, 
and  chloride,  but  we  are  entirely  unable  to  confirm  or  agree  with 
the  conclusions  of  this  author  regarding  the  point  that  these  con- 
vulsions are  invariably  those  of  true  tetany,  brought  on  by  the 
pressure  of  an  excess  of  the  sodium  ion.  We  have  done  no  work 
with  sodium  phosphate  as  Jeppsson  (9)  has  recently  published  the 
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results  of  an  extensive  series  of  expei-iments  in  which  he  tested  the 
electrical  reactions  after  the  administration  of  a  series  of  sodium 
and  potassium  salts.  As  a  result  of  this  work  he  is  al)lc  to  state 
definitely  that  of  the  sodium  salts  used  only  the  disodium  phos- 
phate was  active  in  producing  a  spasmophilic  condition.  A  some- 
what similar  result  was  ol)tained  by  Tisdall  (10)  who  found  that 
dogs  which  received  injections  of  phosphoric  acid  showed  no  ill 
effects  while  those  which  were  given  disodium  phosphate  showed 
muscular  twitchings  which  this  author  interprets  as  suggestive  of 
incipient  tetany.  Unfortunately,  data  regarding  the  electrical 
reactions  are  not  included  in  this  latter  work.  We  feel  that  the 
experimental  results  described  in  this  paper  give  support  to  the 
theory  that  the  spasmophilic  condition  which  sometimes  follows 
the  excessive  ingestion  of  sodium  bicarbonate  is  prol^ablv  due  to  an 

H2CO3 
abnormal  ,^  -rmr\  I'^-tio  (11)  and  not  to  an  abnormal  ratio  between 

the  calcium  and  sodium  ions. 

The  suggestion  has  frequently  been  made  that  a  decrease  in  the 
hydrogen  ion  concentration  of  the  serum  might  result  in  a  de- 
creased ionization  of  seriun  calciimi,  a  fact  which  must  be  con- 
sidered in  connection  with  the  interpretation  of  the  results  pre 
sented  in  this  paper. 

Brinkman  (12)  and  Brinkman  and  Van  Dam  (13)  have  recently' 
published  observations  on  the  calcium  ion  concentration  in  serimi 
and  emphasize  strongly  the  importance  of  its  exact  maintenance. 
According  to  these  authors  this  maintenance  of  calcimn  ion  con- 
centration depends  on  the  ratio  between  the  concentration  of 
hydrogen  and  bicarbonate  ions. 

More  recently  one  of  us  together  with  Pappenheimer,  Zucker, 
and  Murray  (14)  published  results  obtained  in  dialysis  of  serimi 
calcium  where  the  seriun  and  dialyzing  fluid  were  saturated  with 
CO2  mixtures,  the  saturation  of  the  serum  varying  between  17  and 
62  mm.  of  mercury  tension.  Such  a  wide  range  of  CO2  saturation, 
while,  of  course,  altering  the  pH  of  the  fluid  (from  7.6  to  7.2,)  did 
not  result  in  an  increased  ionization  of  the  serum  calcium  as 
shown  by  the  percentage  of  diffusible  calcium. 
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SUMiLVRY. 

In  a  series  of  experiments  which  was  planned  to  throw  Hght  on 
the  cause  of  the  tetany  following  excessive  sodium  bicarbonate 
administration  it  was  found  that  when  sodium  bicarbonate  was 
introduced  into  dogs  by  intravenous  injection  there  followed,  when 
the  dosage  was  sufficiently  large,  various  twitching  and  jerking 
movements,  together  with  an  increased  irritability  to  electrical 
stimuli.  Examination  of  the  blood  serum  indicated  a  slight  lower- 
ing of  the  calcium  content,  and  an  increase  in  the  sodium,  CO2, 
and  pH. 

When  sodium  chloride  or  sodium  sulfate  was  injected  in  place 
of  the  bicarbonate,  "con\Tilsions"  similar  to  those  noted  above 
invariabh-  appeared,  but  a  determination  of  the  electrical  reac- 
tions showed  that  in  these  animals  a  normal  or  a  decreased  irri- 
tability prevailed.  Examination  of  the  blood  serum  showed  an 
increased  sodium  content  and  a  decrease  in  calcium,  CO2,  and  pH. 

Our  results  therefore  make  it  seem  improbable  that  the  spas- 
mophilic condition  following  excessive  sodium  bicarbonate  injec- 
tion is  due  to  "sodium  poisoning,"  but  rather  to  an  abnormal 
H0CO3 

NaHCOa  '■^*'''- 
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INTRODUCTIOX. 

In  preliminary  papers^  and  in  an  abstract-  on  this  subject  a 
number  of  results  were  published  which  showed  that  from  a 
variety  of  plants  widely  divergent  in  character  extracts  could 
be  prepared  which  had  the  property  when  administered  to  normal 
rabbits  by  subcutaneous  injection  of  producing  a  condition  of 
hypoglycemia.  Also,  examples  were  given  of  a  marked  decrease 
in  the  blood  sugar  and  the  sugar  excretion  observed  over  a  period 
following  the  administration  of  certain  plant  extracts  in  depan- 
creatized  dogs.  The  hypoglycemia  which  was  observed  in  these 
early  experiments  was  not  often  very  marked,  nor  was  there  any 
absolute  agreement  in  various  experiments  between  the  time  of 
its  onset  and  the  time  of  its  dm'ation.  There  was,  however, 
great  uniformity  in  practically  all  the  early  experiments  in  this 
respect,  namely  that  after  a  satisfactory  method  of  extraction 
had  been  found  (CO2  snow-freezing,  hot  water  extraction,  and 
partial  purification  with  alcohol),  hypoglycemia  of  varjang  degrees 
was  noted  in  almost  every  instance  where  a  plant  extract  was 
administered  to  a  normal  rabbit. 

As  the  experimental  work  along  these  lines  was  continued  a 
large  number  of  what  were  termed  at  the  time  negative  results 
were  obtained.     Many  normal  rabbits  receiving  plant  extracts  by 

1  Collip,  J.  B.,  /.  Biol.  Chem.,  192.3,  Ivi,  513;  Tr.  Roy.Soc.  Canada,  1923, 
in  press. 

2  Collip,  J.  B.,  Proc.  Soc.  Exp.  Biol,  and  Med.,  1922-23,  xx,  321. 
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siibciitanooiis  injection  failed  to  manifest  anj^ marked  hypoglycemia 
dm-ing  the  next  few  days  following  the  injection.  In  many 
instances  where  such  "negative"  results  were  obtained  the  blood 
sugar  curve  was  followed  for  as  long  as  5  days  after  the  injection, 
blood  sugar  analysis  being  made  two  to  five  times  dail}-,  and  the 
animals  meanwhile  being  kept  without  food. 

In  the  early  work  it  was  found  that  extracts  representing  from 
50  to  200  gm.  of  plant  material  usually  produced  a  certain  degree 
of  hypoglycemia  which  was  followed  subsequently  by  a  return  to 
the  normal  blood  sugar  level.  In  a  niunber  of  experiments  ex- 
tracts equivalent  to  larger  amounts  of  plant  material  were  injected. 
Marked  toxic  action  was  manifested  in  these  instances  and  the 
animal  would  die  within  a  few  hom"s  of  the  injection.  Such  toxic 
action  was  not  met  with  to  any  extent  in  the  earlier  work  where 
smaller  amounts  of  plant  tissue  were  used  in  the  making  of  any 
one  extract. 

Fm"ther  investigation  showed  also  that  there  was  a  great 
difference  in  the  type  of  reaction  of  different  rabbits  to  the  same 
extract. 

The  problem  has  therefore  presented  many  new  aspects  as  the 
investigation  has  proceeded.  It  is  chiefly  to  these  that  attention 
will  be  drawn  in  this  communication. 

Methods. 

As  the  starting  point  of  this  investigation  was  the  demonstra- 
tion of  the  hormone  in  j-east  it  may  be  stated  that  the  first  essen- 
tial in  the  making  of  a  potent  extract  from  yeast  is  the  thorough 
disintegration  of  the  yeast  cell  or  the  rendering  of  the  same  freely 
permeable.  Prolonged  grinding  in  a  ball  mill  or  sudden  freezing 
and  thawing  as  with  CO2  snow  and  hot  water  were  found  to  be 
suitable  procedm'es. 

Potent  plant  extracts  were  first  made  by  freezing  to  a  solid 
state  the  fresh  tissue  with  CO2  snow,  grinding  to  a  powder  while 
still  frozen,  and  then  dropping  this  powder  into  boiling  water, 
the  addition  of  the  powder  being  in  such  an  amount  that  the 
temperature  was  kept  between  70  and  80°C.  in  the  mixture. 
This  temperatm-e  was  maintained  for  3  minutes.  The  mixtm'e 
was  then  chilled  and  added  at  once  to  5  volumes  of  95  per  cent 
acetone-denatured  alcohol.     After  filtration  the  clear  green  liquor 
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was  concentrated  to  small  volume  in  a  warm  air  current.  When 
the  alcohol  was  removed  by  evaporation  the  chlorophyll  was 
precipitated  out  as  a  velvet  mat  on  the  tray  bottom  and  a  clear 
yellow,  syrupy  liquid  remained  which  could  readily  be  filtered  off. 

Later  it  was  found  that  potent  extracts  could  be  made  either 
by  cold  alcohol  extraction  or  by  refluxing  a  mixture  of  powdered 
plant  tissue  with  5  volumes  of  95  per  cent  acetone-denatured 
alcohol. 

The  preliminary  procedure  which  is  now  employed  consists  in 
rendering  the  tissue  permeable  by  autoclaving  for  a  few  minutes 
(up  to  20  minutes)  at  a  steam  pressure  of  not  more  than  5  lbs.  It 
would  seem  that  the  most  satisfactory  method  would  be  suddenly 
to  expose  the  fresh  tissue  to  live  steam.  With  the  laboratory 
type  of  autoclave  this  is  accomplished  by  having  the  instrument 
body  full  of  steam,  then  suddenly  opening  the  door  introducing 
the  plant  tissue,  and  closing  it  up  again  at  once.  After  all  the 
air  has  been  expelled  the  pressure  is  allowed  to  rise  to  5  lbs.  The 
pressure  is  then  released  suddenly,  the  tissue  transferred  to  a 
press,  and  the  sap  expressed.  The  sap  may  then  be  prepared 
for  use  by  some  appropriate  method.  To  make  a  fairly  effective 
crude  extract,  2  volumes  of  acetone  may  be  added  to  the  sap. 
After  filtration  the  clear  straw-colored  filtrate  is  concentrated  to 
the  desired  degree.  If  desired,  this  latter  concentrate  can  then 
be  purified  by  an  appropriate  method. 

It  has  also  been  found  that  the  active  principle  can  be  precipi- 
tated out  from  the  fresh  sap  by  the  use  of  ammonium  sulfate. 
This  affords  a  very  speedy  and  at  the  same  time  inexpensive 
method  of  obtaining  potent  extracts. 

Blood  sugar  determinations  were  made  by  the  ShafTer-Hartmann 
method.^ 

Results. 

It  has  already  been  stated  that  the  reaction  of  individual 
rabbits  to  injections  of  plant  extracts  is  quite  varied.  Marked 
hypoglycemia  may  be  manifested  within  24  hours  of  the  time  of 
the  injection  or  it  may  not  be  manifested  for  some  days. 

Some  typical  results  illustrative  of  this  type  of  phenomenon  are 
shown  below. 

'Shaffer,  P.  A.,  and  Hartmann,  A.  F.,  /.  Biol.  Ckem.,  1920-21,  xlv,  368. 
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Delayed  or  Prolonged  Action. 

Rabbit  i.^Apr.lS.  A  1,940  gm.  male  rabbit  was  injected  with  20  oc.  of 
ail  extract  prepared  from  green  onion  tops  by  first  extracting  frozen  material 
with  5  volumes  of  95  per  cent  acetone-denatured  alcohol,  filtering,  and 
concentrating  the  filtrate  in  an  air  current  to  a  light  syrupy  consistency. 
This  sj-rup  was  saturated  with  (NH4)2S04  and  the  precipitate  removed  and 
extracted  with  70  per  cent  alcohol.  The  mixture  was  then  centrifuged,  the 
clear  liquid  was  added  to  40  volumes  of  95  per  cent  alcohol,  and  the  precipi- 
tate resulting  after  adjustment  of  the  reaction  to  neutrality  was  taken  up  in 
distilled  water. 

The  extract  used  in  this  experiment  would  represent  approximately 
400  gm.  of  fresh  onion  material. 

The  blood  sugar  control  was  0.108  per  cent.  10  hours  after  the  injection 
the  blood  sugar  was  0.087  per  cent.  Subsequent  readings  were  at  16  hours, 
0.093 per  cent;  at  21  hours,  0.087  per  cent;  at  26|  hours,  0.093  per  cent;  and  at 
325  hours,  0.118  per  cent.  The  animal  was  then  returned  to  the  run  appar- 
ently in  a  normal  condition.  On  May  4,  at  3  p.m.  a  blood  sugar  of  0.070  per 
cent  was  observed,  v/hile  on  May  5  at  9  a.m.  the  blood  sugar  was  0.112  per 
cent.  The  animal  died  suddenly  on  May  11.  A  sample  of  blood  taken  from 
the  heart  within  1  hour  of  death  showed  a  sugar  concentration  of  0.020  per 
cent. 

Apr.  18.  An  extract  was  prepared  from  200  gm.  of  lawn  grass  as  follows: 
5  volumes  of  95  per  cent  acetone-denatured  alcohol  were  added  to  fresh  cut 
grass.  The  mixture  was  boiled  for  10  minutes  on  a  water  bath,  a  reflux 
condenser  being  attached.  After  filtration  the  clear  filtrate  was  concen- 
trated in  a  warm  air  current  till  the  chloroph^dl  precipitated  out.  The 
fluid  was  then  filtered  and  injected  at  once.  The  volume  injected  was  50 
cc.  The  blood  sugar  control  was  0.106  per  cent.  15  minutes  after  the  in- 
jection the  animal  became  limp  and  lay  on  its  side  with  its  muscles  com- 
pletely relaxed.  10  hours  later  the  animal  was  still  limp;  and  the  blood 
sugar  was  0.143  per  cent.  22^  hours  after  the  injection  the  animal  had  a 
convulsion  and  died  immediately  afterward.  The  blood  sugar  at  death  was 
0.053  per  cent. 

Rabbit  ^.— Apr.  20.  A  2,205  gm.  male  rabbit  was  injected  with  50  cc.  of 
an  extract  of  grass,  made  as  in  the  previous  instance  and  equivalent  to  200 
gm.  of  grass.  The  blood  sugar  control  was  0.114  per  cent.  The  animal  be- 
came limp  and  listless  20  minutes  following  the  injection  and  remained  so 
for  about  12  hours,  after  which  time  it  recovered.  9^  hours  after  the  injec- 
tion a  blood  sugar  of  0.144  per  cent  was  observed.  The  following  blood 
sugar  values  were  noted:  after  18J  hours,  0.103  per  cent;  after  22^  hours, 
0.096  per  cent;  and  after  26^  hours,  0.093  per  cent.  The  animal  was  re- 
turned to  the  run  apparently  normal.  On  May  1,11  days  after  the  original 
injection,  the  animal  was  noted  to  be  in  a  typical  convulsion  and  quite 
helpless.  A  blood  sample  was  taken  and  showed  0.045  per  cent  of  sugar. 
4  gm.  of  dextrose  were  injected  and  in  10  minutes  the  rabbit  was  sitting  up 
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eagerly  feeding.    24  hours  later  the  blood  sugar  was  0.110  per  cent,  but  the 
animal  was  very  weak.    Death  resulted  2  nights  later. 

Demonstration   of  a  Hypoglycemia-Producing  Principle  in  the 
Blood  Stream  of  Reacting  Animals. 

Rabbit  3. — A  male  rabbit,  weight  2,500  gm.  which  had  been  injected  with 
25  cc.  of  a  partially  purified  onion  extract  on  Apr.  26  without  any  hypo- 
glycemia being  observed  on  the  2  succeeding  days  was  found  in  a  listless 
state  on  May  12  and  to  have  a  blood  sugar  of  0.062  per  cent.  The  animal 
was  bled.  6  cc.  of  whole  blood  of  this  animal  were  injected  at  once  into 
another  rabbit  (Rabbit  4,  weight  640  gm.).  The  second  animal  was  found 
dead  the  next  morning,  but  was  still  quite  warm.  The  blood  sugar  analysis 
showed  0.015  per  cent  of  reducing  sugar. 

Rabbit  5. — On  Apr.  30  a  doe  rabbit  weighing  3,055  gm.  was  injected  with 
95  cc.  of  an  extract  of  green  onion  tops  made  as  follows:  the  fresh  material 
after  being  frozen  with  COo  snow,  was  extracted  with  3  volumes  of  hot  water 
at  80°C.  for  3  minutes,  the  mixture  treated  with  5  volumes  of  95  per  cent 
acetone-denatured  alcohol,  filtered,  and  the  filtrate  concentrated  in  a  warm 
air  current.  The  concentrate  was  finally  filtered  and  injected.  The 
equivalent  of  320  gm.  of  oaion  tops  in  all  was  injected;  the  equivalent  of 
200  gm.  at  once  and  of  120  gm.,  4  hours  later.  The  blood  sugar  curve  for  4 
days  was  as  follows : 


Date. 

Time. 

Control. 

per  cent 

Apr.  30 

3  p.m. 

0.108 

May    1 

9  a.m. 

0.112 

5  p.m. 

0.108 

May    2 

9  a.m. 

0.080 

5  p.m. 

0.093 

May    3 

9  a.m. 

0.096 

5  p.m. 

0.103 

May    4 

5   " 

0.108 

The  animal  was  returned  to  the  run  on  May  4;  and  later,  on  May  16  at  10 
a.m.,  it  was  found  in  a  listless  condition.  Its  weight  was  now  2,075  gm.  It 
was  bled  at  once.  The  blood  sugar  was  0.048  per  cent.  The  blood  was 
defibrinated  and  centrifuged.  Three  other  rabbits  (Rabbits  6,  7,  and  9) 
were  injected  with  the  serum  as  follows: 

Rabbits. — Male,  weight  1,450  gm.  May  16,  1  p.m.  14  cc.  of  serum 
injected;  9  cc.  intravenously  and  5  cc.  subcutaneously.  The  blood  sugar 
curve  follows. 


70 


Glucokinin.     II 


Date. 

Time. 

Blood  sugar. 

per  cent 

Mav  IG 

6  p.m. 

0.102 

"    17 

10  a.m. 

o.oso 

6  p.m. 

0.099 

May  18 

9  a.m. 

0.070 

4.30  p.m. 

0.062 

The  rabbit  died  during  the  night.  The  blood  taken  post  mortem  was 
0.015  per  cent. 

Rabbit?. — ^Weight  4-45  gm.  May  16, 2p.m.  occ. of  serum.  Ma3'17,  7p.m. 
Listless.  Bled  from  heart.  Blood  sugar  0.052  per  cent.  1  gm.  of  glucose 
injected  subcutaneously.  Animal  sat  up  in  5  minutes,  but  died  at  11  p.m. 
May  18,  10  a.m.  3  cc.  of  this  animal's  blood  serum  injected  into  another 
small  rabbit  (Rabbit  8,  weight  580  gm.).  May  19,  8  a.m.  Rabbit  8  found 
dead.     Blood  sugar  post  mortem  was  0.019  per  cent. 

Rabbit  5.— May  16,  3  p.m.  Rabbit  9,  weight  583  gm.  Injected  with  20  cc. 
of  fluid  equal  washings  of  20  cc.  of  cells  of  defibrinated  blood  from  which 
serum  was  separated  for  use  in  Rabbits  6  and  7  above.  May  18,  3  p.m. 
Animal  lying  on  side.     Bled  from  carotid.     Blood  sugar,  0.02-1  per  cent. 

Rabbit  10. — A  male  rabbit  of  1,971  gm.  weight  was  injected  on  May  2  with 
40  cc.  of  an  extract  made  from  200  gm.  of  young  green  onion  tops  by  CO2 
freezing,  hot  water  extraction,  and  partial  purification  with  alcohol.  No 
ill  effects  were  noted  subsequently  and  blood  samples  taken  twice  daily  for 
3  following  days  did  not  show  any  marked  hypoglycemia.  The  animal  was 
returned  to  the  run  on  May  5.  It  was  found  dead  on  themorningof  May  12. 
The  weight  was  now  1,621  gm.  A  blood  sample  taken  post  mortem  showed 
0.015  per  cent  sugar.  3  cc.  of  whole  blood  were  injected  into  a  small  rabbit 
(Rabbit  11,  weight  515  gm.)  at  12  n.  on  May  12.  On  May  14  at  5  p.m.  this 
animal  was  very  weak  and  was  bled  from  the  carotid.  The  blood  sugar  was 
0.053  per  cent. 

Rabbit  12. — -On  May  1  a  male  rabbit,  weight  2,300  gm.,  was  injected  with 
25  cc.  of  an  extract  made  from  135  gm.  of  fresh  lawn  grass  by  the  method 
referred  to  in  the  preceding  experiment.  The  blood  sugar  curve  was  fol- 
lowed for  4  days,  but  no  marked  hypoglycemia'was  noted.  The  animal  died 
during  the  night  of  May  7.  On  May  8  at  11  a.m.  5  cc.  of  whole  blood  taken 
from  this  animal  post  mortem  were  injected  into  a  700  gm.  rabbit  (Rabbit 
13) .  May  9  at  12.30  p.m.  Rabbit  13  had  convulsions  and  died  a  few  minutes 
later.     The  blood  sugar  at  the  time  of  death  was  0.045  per  cent. 

Rabbit  14-~At  6  p.m.,  May  8,  and  again  at  10.30  a.m..  May  9,  a  male 
rabbit  (weight  2,412  gm.)  was  injected  with  16  cc.  of  a  lawn  grass  extract 
made  as  follows.  The  fresh  cut  grass  was  placed  in  a  canvas  bag  and 
thrust  into  a  steaming  autoclave.  The  steam  pressure  was  allowed  to  rise 
to  5  lbs.  after  the  displacement  of  air  had  been  accomplished.  The  steam 
pressure  was  then  suddenly  released  and  the  bag  removed  and  placed  in  a 
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press.  The  sap  which  was  pressed  out  was  treated  with  2  volumes  of  ace- 
tone, filtered,  and  the  filtrate  concentrated.  The  equivalent  of  150  gm.  of 
sap  in  all  was  injected. 

The  following  blood  sugar  curve  was  obtained: 


Date. 

Time. 

Control. 

May    8 
"       9 

6  p.m. 
9  a.m. 
5  p.m. 

per  cent 

0.108 
0.087 
0.096 

May  10,  9  a.m.  Animal  listless,  lying  on  side.  Bled  from  heart.  Blood 
sugar,  0.030  per  cent.  10  a.m.  5  cc.  of  blood  from  Rabbit  14  were  injected 
into  a  750  gm.  rabbit  (Rabbit  15).  May  11,  11  a.m.  Rabbit  15  limp.  Bled 
from  heart.  Died  immediately  after.  Blood  sugar,  0.042  per  cent.  1p.m. 
4  cc.  of  blood  from  Rabbit  15  injected  into  a  500  gm.  rabbit  (Rabbit  16). 
May  12,  9  p.m.  Animal  weak.  Blood  sugar,  0.080  per  cent.  May  13, 
8  a.m.    Rabbit  16  found  dead. 

Rabbit  17. — On  May  9  at  2  p.m.  a  female  rabbit,  weight  1,880  gm.,  was 
injected  with  30  cc.  of  an  extract  made  from  150  cc.  of  sap  of  the  poplar 
catkin  bj'  the  method  described  in  the  preceding  experiment.  The  follow- 
ing blood  sugar  curve  was  obtained: 


Date. 

Time. 

Control. 

Remarks. 

per  cent 

May    9 

2  p.m. 

0.100 

5   " 

0.100 

May  10 

9  a.m. 

0.0S7 

5  p.m. 

0.080 

Mav  11 

9  a.m. 

0.090 

6  p.m. 

0.108 

May  12 

11  a.m. 

0.020 

Died  suddenly. 

7  cc.  of  blood  from  Rabbit  17  were  injected  into  a  540  gm.  raljbit  (R,abbitl8) 
at  12  n..  May  12.  This  latter  animal  (Rabbit  18)  was  found  dead  on  the 
morning  of  May  13. 

The  above  experiments  demonstrate  that  there  is  a  substance 
in  certain  plant  extracts  wiiich  will  produce  marked  hypoglycemia 
in  normal  rabbits. 

The  fact  that  the  onset  of  marked  low  blood  sugar  is  so  varied 
is  at  this  time  difficult  of  explanation.  As  the  blood  of  an  animal 
dying  with  hj^poglycemia  will  produce  the  same  sjrmptoms  in 
another  rabbit  injected  with  such  blood,  proof  is  afforded  of  the 
existence  in  the  blood  stream  of  a  reacting  animal  of  a  specific 
principle. 
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Observations  on  a   Totally  Depancreatized  Dog   Which  Lived  66 

Days. 

The  complete  results  of  the  observations  upon  a  depancreatized 
dog  which  had  received  in  all,  three  injections  of  onion  top  extract, 
are  shown  below.  The  preliminary  results  of  this  experiment 
were  reported  in  a  previous  communication.'  As  the  animal 
became  sugar-free  and  had  a  normal  blood  sugar  level  3  days 
following  the  second  injection  of  extract  and  as  this  condition 
persisted  so  long,  the  writer  concluded  that  a  small  piece  of 
pancreas  must  have  remained  in  the  animal  and  that  this  was 
functioning  sufficiently  to  keep  the  blood  sugar  at  a  normal  level. 
The  diet  was  tlierefore  at  a  later  date  greatly  increased  and  it 
will  be  noted  that  a  relatively  great  amount  of  lean  meat  was 
consumed  without  causing  a  comparable  increase  in  sugar  excre- 
tion. On  April  27,  the  animal  appeared  to  be  reverting  to  a 
truly  diabetic  condition.  A  third  injection  was  therefore  made  on 
Maj^  2,  and  on  May  12  the  urine  again  became  practically  sugar- 
free.  Death  resulted  on  May  14.  Professor  Revell  of  the  Depart- 
ment of  Anatomy  of  this  University  very  kindly  performed  a 
postmortem  examination.  He  was  unable  to  find  any  pancreas 
on  gross  examination. 

On  Mar.  9  at  3  p.m.  a  12  kilo,  well  nourished,  mongrel  dog  was 
depancreatized.     The  following  results  were  noted. 


Date. 

Time. 

Blood 
sugar. 

Urine 
vol- 
ume. 

Sugar  in  urine. 

Food  eaten  and  reniarks. 

per  cent 

cc. 

per  cent 

Mar.    9 

3  p.m. 

Depancreatized. 

"     10 

9  a.m. 
11     " 

210 

6.15 

3  oz.  lean  meat. 

Mar.  11 

12  n. 

320 

1.57 

"      12 

9  a.m. 

216 

3.82 

10     " 

0.160 

8  oz.  lean  meat. 

4.30  p.m. 

0,200 

Mar.  13 

9  a.m. 
4.30  p.m. 

0.160 
0.190 

300 

3.18 

Mar.  14 

9  a.m. 

235 

3.16 

10     " 

0.161 

8  oz.lean  meat. 

3.30  p.m. 

100  cc.  of  onion  extract 
=   500  gm.   of  onion 
tops. 
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Time. 


6.30  p.m. 
11.30     " 
9  a.m. 

10  " 

11  " 


4.30  p.m. 
9  a.m. 
10     " 
5  p.m. 
8.30  a.m. 
1        p  .m . 
1.30     " 


4.30     " 
1  a.m. 
3     " 

10  " 

11  " 
12.30  p.m. 

5 

9.30     " 

1        a.m. 

9 

10.30     " 
11 

5  p.m. 

6  " 
9.30  a.m. 
6  p.m. 

11      " 
10  a.m. 


1.30  p.m. 
5 

9  a.m. 
10     " 


Blood 

sugar. 


per  cent 
0.224 
0.190 

0.106 


0.1S7 

0.168 
0.190 

0.190 


Urine 
vol- 
ume. 


O.ISO 

0.148 

0.106 
0.093 
0.118 

0.090 


0.148 
0.180 
0.158 

0.090 


0.099 
0.108 


415 
105 


105 

320 


480 
180 


100 
220 


190 

108 

172 
208 
180 

146 

188 


Sugar  in  urine. 


per  cent 

5.25 
0.67 


1.05 
5.95 


4.84 
5.74 


8.45 
7.10 


1.49 

0.20 

0.17 
0.66 
1.63 

0.70 
0 


Food  eaten  and  remarks. 


Container  not  washed 
after  last  sample  was 
taken. 


8  oz.  lean  meat. 


8  oz.  lean  meat. 

170  cc.  of  onion  extract 

=  700  gm.  onion  tops. 
Vomited,  but  ate  vomit 

again  later. 


8  oz.  lean  meat. 


8  oz.  lean  meat. 


Abscess  opened.  Fed  8 
oz.  meat.  Did  not 
eat  till  some  hours 
later. 


8  oz.  lean  meat. 
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Date. 

Time. 

Blood 
sugar. 

Urine 
vol- 
ume. 

Sugar  in  urine. 

Food  eaten  and  remarks. 

per  cent 

cc. 

per  cent 

Mar.  23 

10  a.m. 
12  n. 

435 

0 

8  oz.  lean  meat. 
Large    abscess    opened. 
5  pint  of  pus  removed. 

Mar.  24 

9  a.m. 
10     " 

482 

0 

8  oz.  lean  meat. 

Mar.  25 

10     " 

246 

0 

8   "        "      " 

"     26 

10     " 

340 

0 

12    "        "      " 

"     27 

10     " 

272 

0 

20   "        "      " 

"     28 

10     " 

284 

0 

09   it        it      ii 

"     29 

10     " 

390 

0 

40   "        "      " 

5  p.m. 

310 

0.93 

Mar.  30 

10  a.m. 

265 

0 

40  oz.  lean  meat. 

"     31 

10     " 

445 

0.97 

09    it           it        a 

Apr.     1 

10     " 

500 

0.85 

40   "        "      " 

"       2 

10     " 

700 

0.87 

40   «        "      « 

"       3 

10     " 

550 

1.32 

48   "        "      " 

"       4 

10     " 

600 

1.82 

48   «        i'      u 

"       5 

10     " 

615 

0.24 

48   "        "      " 

"       6 

10     " 
3  p.m. 

0.180 

600 

1.05 

48   «        it      " 

Apr.     7 

10  a.m. 

0.080 

412 

0.78 

48  oz,  lean  meat.  Weight, 
8.45  kilos. 

Apr.     8 

10     " 

670 

0.78 

40  oz.  lean  meat 

"       9 

10     " 

640 

1.00 

48   "        "      " 

"     10 

10     " 

640 

1.40 

48   «        "      « 

"     11 

10     " 

530 

0.75 

48    "        "      " 

"     12 

10     " 

675 

1.88 

48   "        "      " 

"     13 

10     " 

655 

0.46 

48   "    kitchen  scraps. 

"     14 

10     " 

810 

3.64 

40   " 

"     15 

10     " 

605 

3.35 

Not  fed. 

"     16 

10     " 

340 

0 

24  oz.  kitchen  scraps. 

u     17 

10     " 

1,310 

6.94 

24     if             a                it 

"     18 

10     " 

465 

2.62 

37   " 

"     19 

10     " 

785 

3.73 

50    " 

"     20 

10     " 

1,615 

4.42 

44    "          "            <•' 

"     21 

10     " 

1,790 

4.75 

56   " 

"     22 

10     " 

1,980 

4.78 

Not  fed. 

"     23 

10     " 

575 

1.40 

48  oz.  kitchen  scraps. 

"     24 

10     " 

980 

3.20 

Not  fed. 

"    25 

10     " 

220 

1.70 

IC            it 

"    26 

10     " 

106 

0 

it        it 

"    27 

10     " 

185 

0.74 

8  oz.  lean  meat. 
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Date. 

Time. 

Blood 

sugar. 

Urine 
vol- 
ume. 

Sugar  in  urine. 

Food  eaten  and  remarks. 

per  cent 

cc. 

jjer  cent 

Apr.  28 

10        a.m. 

223 

2.54 

8  oz.  lean  meat. 

"     29 

10 

8    "        "      " 

"     30 

10 

410 

1.60 

Q     a           a         a 

May    1 

10 

230 

4.80 

Q     a           u        u 

"       2 

8.30     " 
10 

.  445 

4.10 

8  oz.  lean  meat. 

2.15  p.m. 

215 

6.88 

3 

0.240 

Weight,  7.100  kilos. 

3.30     " 

Injected  50  cc.  of  onion 
extract     =     300    gm. 
onion  top.s. 

May    3 

8.30  a.m. 
10 

215 

8.26 

8  oz.  lean  meat. 

1  p.m. 

80 

8.96 

3     " 

0.168 

May    4 

8.30  a.m. 
10 

130 

7.20 

S  oz.  lean  meat. 

12  n. 

90 

2.82 

3.30  p.m. 

50 

3.88 

May    5 

8.30  a.m. 
10 

184 

2.45 

8  oz.  lean  meat. 

5  p.m. 

190 

3.87 

May    6 

10  a.m. 

8  oz.  lean  meat. 

12  n. 

170 

1.51 

7  p.m. 

80 

3.96 

May    7 

9        a.m. 
10 

90 

1.40 

8  oz.  lean  meat. 

May    8 

9 
10 

300 

3.70 

8  oz.  lean  meat. 

May    9 

8.30     " 
10 

236 

2.65 

8  oz.  lean  meat. 

May  10 

8.30     " 
10 

325 

1.16 

8  oz.  lean  meat. 

May  11 

8.30     " 
10 

180 

2.39 

8  oz.  lean  meat. 

May  12 

8.30     " 
10 

274 

Mere  trace. 

8  oz.  lean  meat. 

May  13 

10 

8    "        "      " 

11 

130 

Mere  trace. 

May  14 

9 
p.m. 

205 

it          « 

Died  during  night. 
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An  active  jirinciple  was  shown  to  be  present  in  the  l)lood  of 
this  animal  after  death  as  marked  hypoglycemia  was  produced  in 
a  series  of  rabbits  by  using  the  blood  serum  prepared  from  heart 
blood  taken  post  mortem. 

DISCUSSION. 

The  fact  that  intensive  action  of  the  principle  (blood  sugar  below 
0.05  per  cent)  may  be  manifested  at  such  varying  intervals  of 
time  following  the  initial  injection  of  the  plant  extract  as  clearly 
illustrated  in  the  results  shown  above  is  verj-  difficult  of  satis- 
factory explanation.  As  a  relatively  small  volmne  of  blood  or 
serum  taken  from  a  reacting  animal  either  before  death  or  even 
some  hours  after  death  produces  with  such  uniformity  character- 
istic intensive  hypoglycemia  when  injected  into  another  animal,  it 
might  appear  that  the  marked  hypoglycemia  of  the  animal  receiv- 
ing the  plant  extract  was  due  directly  to  the  presence  in  the  circu- 
lation of  an  excessive  amount  of  some  principle  irrespective  of 
whether  the  injection  of  plant  extract  has  been  made  1  day  previous 
or  even  weeks  previous.  That  the  hypoglycemia  in  the  animal 
receiving  the  blood  or  serum  of  the  reacting  animal  develops  within 
a  comparatively  short  space  of  time  (1  to  3  days)  is  also  a  note- 
worthy fact. 

The  blood  serum  of  an  animal  in  hypoglycemia  as  a  result  of 
the  inoculation  with  serimi  obtained  from  a  reacting  animal  which 
originally  received  plant  extract,  will  also  produce  marked  hypo- 
glycemia in  a  third  animal.  This  is  suggestive  that  an  actual 
increase  in  the  amount  of  active  principle  has  been  effected.* 

''  Addenda. — The  blood  of  rabbits,  which  were  maintained  in  a  condition 
of  hypoglycemia  as  a  result  of  various  causes,  has  produced  hypoglycemia 
when  injected  into  other  normal  rabbits.  The  blood  of  these  later  inocu- 
lated animals  has  likewise  produced  a  similar  condition  in  other  rabbits. 
The  blood  of  the  third  animal  in  such  a  series  has  produced  profound 
hypoglycemia  in  a  fourth  animal,  the  blood  of  the  fourth  in  a  fifth  and  so  on, 
apparently  without  limit. 

Animal,  passage  of  a  hypoglycemia-producing  principle  (which  has  been 
found  to  be  thermostabile)  is  possible,  therefore,  to  an  indefinite  extent. 

The  relationship,  if  there  is  any,  between  the  causative  agent  of  hypo- 
glycemia in  the  first  animal  of  a  blood  passage  series  and  the  hypoglycemia- 
producing  principle,  present  in  the  blood  of  a  reacting  animal  is  yet  to  be 
established. 
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Another  interesting  observation  is  the  fact  that  injected  rabbits, 
though  eating  ravenously  in  the  presence  of  an  abundance  of 
food,  continue  to  lose  weight  and  when  they  finally  die  with  a  low 
blood  sugar,  may  be  very  emaciated.  These  observations  are 
suggestive  of  an  intensive  metabolism,  of  protein  in  particular, 
but  as  yet  no  actual  determinations  of  metabolic  rates  or  nitro- 
gen elimination  have  been  made. 

A  great  many  experimental  animals  which  manifested  only  a 
mild  h3^poglycemia  or  in  some  instances  practically  no  hypo- 
glycemia within  the  3  days  following  the  injection  have  been 
found  dead  in  the  run  many  days  later,  usuallj^  in  an  emaciated 
condition.  Postmortem  blood  analysis  invariably  showed  a  very 
low  blood  sugar,  but  as  this  might  have  been  due  to  normal  post- 
mortem glycolysis  these  results  have  been  discarded.  They  are, 
however,  highly  suggestive.  Since  it  has  been  found,  however, 
that  injection  of  the  blood  from  a  reacting  animal  even  though 
taken  after  death  will  produce  hypoglycemia  of  a  marked  degree 
when  injected  into  another  animal,  a  method  is  afforded  of  deter- 
mining with  a  fair  degree  of  certainty  whether  or  not  an  injected 
animal  which  has  died  unobserved,  had  a  low  blood  sugar  at  the 
time  of  death. 

Unfortunately,  due  to  the  fact  that  the  writer  himself  had  lost 
faith  in  the  experiment,  the  observations  on  the  totally  depan- 
creatized  dog  which  lived  for  66  days  are  not  as  complete  as 

A  series  of  animal  passages  of  a  hypoglycemia-producing  principle  has 
been  made  from:  (1)  rabbits  inoculated  with  certain  plant  extracts,  (2) 
insulinated  rabbits,  (3)  rabbits  in  hypoglycemia  following  the  injection  of 
guauidine  sulfate,  and  (4)  rabbits  developing  spontaneous  hypoglycemia 
(coccidial  origin). 

A  remarkable  parallelism  between  the  effect  of  guanidine  sulfate,  of 
passage  serum,  and  certain  plant  extracts  has  been  observed.  All  three 
reagents  produce  hypoglycemia  in  normal  rabbits.  The  condition  of  low 
blood  sugar  does  not  develop  until  many  hours  after  the  injection.  Con- 
vulsions usually  occur  when  a  very  low  level  of  blood  sugar  is  reached.  The 
symptoms  are  as  a  rule  temporarily  relieved  by  glucose  administration,  but 
they  continue  to  recur  and  death  has  ultimately  resulted  in  spite  of  glucose 
administration. 

The  writer  is  convinced  that  insulm  is  a  fairly  simple  compound,  non- 
protein in  nature.     It  is  possible  that  it  may  be  a  guanidine  compound. 

Further  detailed  results  obtained  in  this  investigation  are  about  to  be 
published. 
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could  be  desired.  The  fact,  however,  that  for  a  period  of  many 
days  following  the  injection  of  an  onion  extract  the  urine  was 
sugar-free  is  indeed  remarkable.  It  Avould  appear  that  whatever 
this  plant  principle  may  be,  that  it  acts  in  a  somewhat  different 
manner  from  insulin.  Chnical  trial  of  this  substance  has  been 
postponed,  until  more  definite  scientific  facts  as  to  the  nature 
of  the  pliA'siological  response  here  met  with,  are  determined. 

SUMMARY. 

1 .  Further  observations  on  the  effects  of  plant  extracts  on  blood 
sugar  are  recorded. 

2.  Various  methods  of  obtaining  potent  extracts  from  plant 
tissues  are  described. 

3.  The  characteristic  sign  of  the  activity  of  glucokinin  "low 
blood  sugar"  may  be  manifested  from  1  day  to  several  weeks  after 
the  injection  has  been  made. 

4.  A  totally  depancreatizcd  dog  was  kept  alive  66  days.  The 
animal  received  in  all,  three  injections  of  glucokinin  (onion 
extract). 

5.  Lawn  grass  as  a  source  of  glucokinin  has  been  found  to  give 
satisfactory  results. 

6.  Animal  passage  of  a  hypoglycemia-producing  principle  is 
possible. 

I  wish  to  express  mj-  thanks  to  the  Council  of  the  College  of 
Physicians  and  Sm-geons  of  the  Province  of  Alberta  for  supplying 
funds  which  made  this  investigation  possible. 


AGE  AND  CHEMICAL  DEVELOPMENT  IN  MAMMALS.* 

By  C.  R.  MOULTON. 
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(Received  for  publication,  June  4,  1923.) 

It  has  long  been  recognized  that  the  most  striking  change  in 
the  composition  of  mammals  with  increased  age  and  develop- 
ment is  the  increase  in  the  fat  content.  Where  fattening  did  not 
intervene  to  obscure  the  changes  in  the  other  constituents  it 
was  recognized  that  age  and  species  determined  largely  the 
composition  of  the  animal.  Thus,  von  Bezold^  in  1857  con- 
cluded as  a  result  of  analytical  investigations  with  a  large  number 
of  species  of  animals  that:  Every  individual  animal  possesses 
a  normal  water,  organic  matter,  and  salt  content  which  is  typical 
of  its  species  and  age,  and  which  is  approximately  constant 
(the  higher  vertebrates)  or  varies  between  wider  or  narrower 
limits  (the  mollusks).  He  further  described  the  changes  occur- 
ring in  the  composition  of  mammals,  birds,  and  amphibians  as: 
(1)  A  decrease  in  the  content  of  water  and  fluid  constituents 
beginning  with  the  development  of  the  embryo  and  continuing 
up  to  the  height  of  early  growth.  (2)  An  increase  in  the  solid 
organic  material  which  occurs  at  the  greatest  rate  during  the 
first  period  of  growth  after  birth.  (3)  The  ash  content  increases 
continuously  and  rapidly  during  the  first  period  of  autonomous 
life  and  proceeds  more  slowly  later.  No  determinations  were 
made  of  the  fat  content  of  the  animals. 

The  attention  of  others  was  attracted  to  this  same  question 
and  Pfeiffer,^  in  1887  when  discussing  his  results  and  those  of 
others  in  connection  with  the  known  effect  of  fat  deposition, 
quoted  Hosslin  as  follows: 

*  Presented  before  the  Division  of  Biological  Chemistry,  American 
Chemical  Society,  New  Haven,  Conn.,  April,  1923. 

A  preliminary  report  on  part  of  this  material  was  given  before  the 
University  of  Missouri  section  of  the  American  Chemical  Society,  Decem- 
ber, 1922. 

'  von  Bezold,  A.,  Z.  ivissensch.  Zool.,  1857,  viii,  487. 

2  Pfeiffer,  L.,  Z.  Biol.,  1887,  xxiii,  .340. 
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"It  has  been  known  for  a  long  time  that  fat  deposition  in  the  tissues 
exerts  a  great  influence  on  the  water  content  of  the  same;  the  organism  of 
the  fattened  animal  contains  less  water,  the  richer  it  is  in  fat.  The  ques- 
tion is  according  to  Voit  in  part  one  of  the  replacement  of  water  by  fat  but 
chiefly  one  of  deposition  of  water-free  fat  in  the  tissues  so  that  after  the 
removal  of  the  latter  the  organism  shows  a  nearly  normal  water  content." 

]\Iore  recently  (1911)  Inaba^  investigated  the  differences  in 
the  composition  of  animals  and  concluded  that  morphologically 
similar  animals  have  a  similar  composition  of  bod}'  substance. 
He  pointed  out  that  warm  blooded  animals  are  richer  in  fat 
than  cold  blooded  animals  and  that  of  the  former,  those  which 
run  around  and  are  not  sheltered  by  the  mother  at  birth  (guinea 
pig)  arc  richest  in  fat.  He  further  showed  that  the  water  con- 
tent of  young  individuals  is  richer  than  is  the  case  with  older 
animals  and  the  younger,  the  higher  the  water  content. 

Quite  recently  (1922)  Murray "^  made  a  study  of  the  composi- 
tion of  our  agricultural  animals  on  the  fat-free  basis.  He  shows 
that,  for  the  animals  used  in  his  calculations,  the  chemical  com- 
position of  the  non-fatty  matter  is  practically  the  same,  that 
it  is  not  affected  by  the  condition  or  degree  of  fatness  of  the 
animal  and  only  to  a  limited  extent  by  age. 

In  contrast  to  the  conclusions  just  cited  are  those  of  the  writer 
which  were  based  on  the  fat-free  composition  of  the  ox  and  man 
from  the  early  embryonic  stage  on  through  maturity.^  It  was 
shown  that  the  water  content  of  such  mammals  decreases  very 
rapidly  from  conception  to  birth,  and  then  less  rapidly  until  a 
practically  constant  concentration  is  reached.  For  the  ox  this 
is  between  the  ages  of  5  and  10  months.  The  point  at  which 
the  concentration  of  water,  proteins,  and  salts  becomes  com- 
paratively constant  in  the  fat-free  cell  is  named  the  point  of 
chemical  maturity  of  the  cell.  The  words  "chemical  maturity" 
in  this  paper  refer  to  this  point  and  carry  with  them  no  implica- 
tions of  too  general  a  nature. 

Fig.  1  shows  graphically  the  results  on  which  the  above  state- 
ment is  based. 

The  present  communication  will  test  these  last  conclusions 
further  and  present  what  appear  to  be  general  laws  of  chemical 

"  Inaba,  R.,  Arch.  Physiol.,  1911,  1. 

*  Murray,  J.  A.,  /.  Agric.  Sc,  1922,  xii,  103. 

*  Moulton,  C.  R.,  Trowbridge,  P.  F.,  and  Haigh,  L.  D.,  Missouri  Agric. 
Exp.  Station  Research  Bull.  55,  1922,  21. 
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development  for  mammals.  The  extensive  data  for  cattle 
and  swine  collected  by  the  writer  and  presented  in  detail  else- 
where* will  be  presented  here  only  in  graphical  form.  The  data 
for  other  mammals  are  given  in  Tables  I  to  III. 

TABLE  I. 
Percentage  Corn-position  of  Man  on  a  Fat-Free  Basis. 


Age. 


Investigator. 


No.  of 
individ- 
uals. 


Water. 


Nitrogen.        Ash. 


Fetus. 


per  cent 

per  cent 

per  cent 

35  days. 

Fehling.' 

1 

97.54 

0.39 

0.001 

2.5  mos. 

Michel.  8 

1 

93.82 

0.69 

3 

Fehling.7 

2 

91.84 

0.81 

1.005 

3-4     " 

Michel.  8 

1 

89.95 

1.1 

1.73 

4 

Fehling.^ 

2 

92.46 

0.92 

1.23 

4.5     " 

(C 

5 

90.38 

1.11 

1.62 

5 

ii 

3 

87.43 

1.26 

2.40 

5 

Michel.  8 

1 

87.81 

1.32 

1.95 

5 

u 

1 

86.73 

1.39 

2.49 

6 

i< 

1 

85.03 

1.64 

2.51 

6 

Fehling.^ 

4 

86.00 

1.78 

2.72 

7 

a 

1 

84.97 

1.71 

2.89 

7 

Michel.  8 

1 

84.74 

1.56 

2.49 

Full  term. 

Fehling.^ 

1 

81.52 

2.08 

2.81 

Extrauterine. 


New-born 

Camerer  and  Soldner.^ 

6 

81.87 

2.13 

3.08 

C( 

Klose.'o 

1 

80.2 

2.32 

3.52 

3      mos. 

Sommerfeld. 

1 

80.73 

2.61 

3.14 

4 

Steinitz  and  Weigert." 

1 

77.75 

2.97 

3.94 

33  yrs. 

Moleschott.'2 

1 

69.33 

3.3 

9.44? 

^  Armsby,  H.  P.,  and  Moulton,  C.  R.,  The  animal  as  a  converter  of 
matter  and  energy,  American  Chemical  Society  Monograph,  New  York, 
1923,  in  press. 

^  Fehling,  H.,  Arch.  Gyndk.,  1877,  xi,  523. 

8  Michel,  C,  Compt.  rend.  Soc.  biol,  1899,  li,  422. 

^  Camerer,  W.,  Z.  Biol,  1900,  xxxix,  173;  xl,  529;  1902,  xliii,  1.  Soldner, 
Z.Biol.,  1903,  xliv,  61. 

'"  Klose,  E.,  Jahrb.  Kinderh.,  1900,  xxx,  253. 

"  Steinitz,  F.,  and  Weigert,  R.,  Beitr.  chem.  Physiol,  u.  Path.,  1905,  vi, 
206. 

'2  Moleschott,  J.,  Physiologie  der  Nahrungsmittel,  Giessen,  2nd  edition, 
1859,  224. 


TABLE  II. 
Percentage  Composition  of  Rodents  on  a  Fat-Free  Basis. 


Age. 


Investigator. 


No.  of 
individ- 
uals. 


Water. 


Nitrogen. 


Guinea  pig. 


Embryo. 
New-born. 
2-3  mos. 
Grown. 


Inaba.' 


Weigert." 


per  cent 

88.29 
77.79 
76.41 
74.54 


per  cent 

1.38 
2.69 
3.04 
3.54 


Rabbit. 


12  day  embr^-o. 
18  " 
21  " 
24  " 

At  birth. 

Embryo. 
Grown. 


Fehling.^ 


Reeb.'4 
Inaba.' 

Rubner-Inaba. 
Pfeiffer.2 


2 
2 

6 
6 
2 
2 
16 
1 
1 
1 
1 


91.45 

88.17 

87.42 

86.01 

83.44 

83.24 

84.22 

88.32 

72.82 

69.5 

71.0 


1.38 
1.43 
1.70 
1.93 
2.16 
2  00 
1.45 
3.11 


Rat. 


At  birth. 

Zuntz.16 

281 

88.92 

1.53 

1.50 

«        « 

Hatai.'« 

88.80 

1.53 

7  days. 

85.99 

2.05 

15     " 

81.54 

2.46 

22     " 

79.15 

3.25 

28     " 

78.64 

3.39 

35     " 

76.41 

3.35 

42     " 

75.68 

3.82 

294     " 

69.25 

3.92 

Mature. 

Inaba.' 

74.59 

3.33 

3.43 

Mouse. 


Embryo. 

von  Bezold.' 

5 

87.16 

1.14 

New-born. 

Inaba.^ 

85.97 

1.76 

1.65 

Mature. 

" 

78.33 

3.24 

3.52 

(C 

Bohtlingk-Inaba. 

75.41 

3.39 

3.41 

IC 

Rubner-Inaba. 

75.18 

2.72 

3.94 

13  Weigert,  R.,  Jakrh.  Kinderh.,  1905,  Ixi,  178. 
'^  Reeb,  M.,  Beitr.  Geburtsch.  u.  Gynak.,  1904-05,  ix,  395. 
i^Zuntz,  L.,  Arch  Gynak.,  1918-19,  ex,  244. 
'6  Hatai,  S.,  Am.  J.  Anat.,  1917,  xxi,  23. 
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TABLE  III. 

Percentage  Composition  of  the  Dog  and  Cat  on  a  Fat-Free  Basis. 


Age. 


Investigator. 


No.  of 
individ- 
uals. 


Water. 


Nitrogen. 


Ash. 


Dog. 


per  cent 

per  cent 

per  cent 

Birth. 

Thomas. 1' 

2 

81.17 

2.28 

2.24 

ii 

Eeeb.'^ 

2 

82.00 

2.15 

1.94 

9  davs. 

Thomas.'^ 

1 

81.04 

2.35 

2.33 

20      " 

" 

1 

78.95 

2.55 

2.69 

59      " 

it 

1 

78.63 

2.64 

2.87 

100      " 

<t 

1 

74.72 

3.09 

3.90 

3.5  mos. 

Weigert.'^ 

2 

76.45 

3.67 

4.14 

4.5     " 

it 

3 

70.98 

3.66 

5.74 

5.5     " 

It 
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74.27 

3.53 

4.94 

5.5     " 
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80.44? 

3.35 
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69.76 
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3 

69.2 
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82.18 

2.29 
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1 

82.96 

2.17 

2.26 
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It 

1 

79.45 

2.58 

2.64 
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it 

1 

72.40 

3.49 

3.53 

Cattle. 

The  effect  of  age  on  the  composition  of  cattle  is  shown  in  Figs. 
1  and  2.  In  Fig.  1  the  results  of  Fehling  on  human  embryos 
are  shown  by  the  squares.  Fig.  2  presents  the  water  data  for 
cattle  from  four  groups  of  investigators.  The  human  data  are 
omitted.  It  is  evident  that  the  exclusion  of  the  human  data 
and  the  inclusion  of  other  than  the  data  of  Moulton  and  coworkers 
does  not  affect  the'  curve.  From  Fig.  1  it  is  seen  that  cattle 
develop  in  the  concentration  of  protein  (nitrogen)  and  ash  very 
rapidly  from  early  intrauterine  life  until  the  age  of  5  months 
is  reached.  At  about  that  time  the  change  becomes  suddenly 
very  slow  and  in  the  case  of  nitrogen  no  further  change  is  seen. 
The  ox  at  birth  contains  76  per  cent  water,  and  man  about  82 
per  cent.  The  curve  for  water  shows  just  the  reverse  phenome- 
non; i.e.,  a  rapid  decrease  in  concentration  on  the  fat-free  basis 
and  then  a  practically  constant  percentage  after  5  months. 


Thomas,  K.,  Arch.  Physiol.,  1911,  9. 
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Fig.  1.  Effect  of  age  on  the  composition  of  cattle.     Data  of  Moulton 
and  coworkers  and  data  on  human  embryos. 
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Guinea  Pig. 

Fig.  3  shows  the  datfl  for  the  guinea  pig.  Quite  similar  changes 
are  shown  aUhough  the  curves  do  not  flatten  completely.  This 
may  be  the  result  of  insufficient  data.  The  point  of  change  is 
about  the  50th  day.  The  water  content  at  birth  is  about  78 
per  cent  and  the  nitrogen  and  ash  percentages  arc  very  similar 
to  those  for  cattle. 
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Fig.  3.  Effect  of  age  on  the  composition  of  guinea  pigs. 

Man. 

The  data  for  man  shown  in  Fig.  4  are  quite  numerous  up  to 
3  to  4  months.  There  is  but  one  result  after  that  age,  but  being 
for  an  adult  it  serves  the  purpose  of  fixing  the  direction  of  the 
curve.  The  curve  for  ash  is  located  near  the  center  of  the  figure 
in  order  to  avoid  confusion.  The  curves  are  similar  to  those 
shown  in  Figs.  1,  2,  and  3.     If  one  may  venture  to  predict  the 
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time  of  chemical  maturity  from  the  scant  figures  after  birth, 
it  would  be  placed  between  500  and  1,000  days.  A  greater 
part  of  the  chemical  development  is  shown  to  occur  after 
birth  than  is  the  case  with  the  ox  and  the  guinea  pig. 

Sivine. 

Figs,  5  and  6  give  the  data  for  swine.     The  results  are  more 
scattered  than  those  shown  so  far  and  the  time  of  maturity  is 
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Fig.  5.  Effect  of  age  on  the  composition  of  swine.    Water  and  nitrogen 
content. 

not  easily  fixed,  but  in  general  the  curves  are  similar  to  those 
in  Figs.  1  to  4.  The  data  of  Swanson  on  pigs  are  not  used  for 
reasons  set  forth  in  another  publication.^  Chemical  maturity 
is  reached  at  150  to  300  days,  but  the  point  might  be  changed 
by  more  data.  Swine  at  birth  contain  about  82  per  cent  of  water. 
Apparently  the  nitrogen  content  is  higher  and  the  ash  lower  than 
for  man. 
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Dog. 

The  striking  thing  to  be  seen  in  Fig.  7  is  that  apparently  matu- 
rity for  dogs  is  reached  more  slowly.  The  slope  of  the  rising 
part  of  the  curve  depends  on  the  age  scale,  but  the  relative 
amount  of  development  after  birth  is  not  affected  by  this  scale. 
The  dog  shows  relatively  more  chemical  development  after 
birth  than  do  the  animals  so  far  discussed.     At  birth  the  dog 
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Fig.  6.  Effect  of  age  on  the  composition  of  swine.     Ash  content. 

contains  about  82  per  cent  water,  2.3  per  cent  nitrogen,  and 
about  2.2  per  cent  ash.  Chemical  maturity  is  reached  near  the 
age  of  200  days. 

Cat. 

Data  for  the  cat  are  ■  few.  Fig.  8  shows  curves  apparently 
similar  to  those  for  the  dog.  It  is  difficult  to  predict  chemical 
maturity,  but  it  would  appear  to  be  near  100  days. 
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Fig.  8.  Effect  of  age  on  the  composition  of  cats. 
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Fig.  9.  Effect  of  age  on  the  composition  of  rabbits. 
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Rabbit. 

Fig.  9  gives  the  data  for  rabbits.  The  water  content  at  birth 
is  83  to  84  per  cent.  The  age  of  chemical  maturity  cannot  be 
predicted  because  of  a  lack  of  figures  between  birth  and  maturity. 
In  general  the  curves  are  similar  to  those  for  the  animals  just 
preceding. 
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Fig.  10.  Effect  of  age  on  the  composition  of  rats. 

Rat. 

The  data  for  the  rat  are  given  in  Fig.  10.  No  data  for  nitrogen 
are  given  since  these  are  almost  entirely  lacking  in  the  literature. 
Relatively  more  development  after  birth  is  shown  by  the  rat, 
and  it  is  born  quite  immature.  It  contains  88  per  cent  water 
and  only  1.5  per  cent  ash  at  birth.  Chemical  maturity  is  reached 
at  the  age  of  50  days. 
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Mouse. 

The  data  for  the  mouse  given  in  Fig.  11  are  not  sufficient  for 
fixing  the  curves.  They  have,  however,  been  drawn  similar  to 
those  for  the  rat.  At  birth  the  mouse  contains  86  to  87  per  cent 
water  and  about  1.7  per  cent  ash. 
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Fig.  11.  Effect  of  age  on  the  composition  of  mice. 


DISCUSSION. 

All  the  mammals  for  which  data  have  been  presented  show  a 
rapid  decrease  in  the  concentration  of  water  on  the  fat-free  basis 
from  the  earliest  daj's  of  life  until  chemical  maturity  is  reached. 
On  the  other  hand,  the  protein  (nitrogen)  and  ash  concentration 
increases  in  the  same  measure.  Thereafter,  but  little  change 
is  shown. 
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The  mammals  vary  in  the  relative  amount  of  chemical 
development  shown  at  birth.  Both  guinea  pigs  and  cattle 
show  relatively  great  developuKMit  at  birth  (Group  1). 

Man,  the  pig,  the  dog,  and  the  cat  all  have  similar  composi- 
tion at  birth  (Group  2).  The  water  content  is  higher  than  for 
the  ox  and  guinea  pig  and  relatively  less  chemical  develop- 
ment has  occurred.  The  animals  of  Group  1  quickly  get  on  their 
feet  at  birth  and  are  well  developed  physically.  Group  2  shows 
somewhat  less  ph3'sical  development  at  birth. 

The  rabbit  may  be  less  developed  chemically  at  birth  than 
the  animals  in  Group  2.  More  data  would  be  needed  before 
this  could  be  stated  as  a  law.  It  may  occupy  a  position  between 
Group  2  and  Group  3  (the  two  rodents). 

TABLE  IV. 
Composition  of  Normal  and  Abnormal  Infants  on  a  Fat-Free  Basis. 


Age. 

Condition. 

Water. 

Protein. 

Ash. 

Investigator. 

per  cent 

per  cent 

per  cent 

Birth. 

Normal. 

82.00 

14.00 

3.00 

3        mos. 

" 

80.73 

If).  33 

3.14 

Sommerfeld.'* 

24        days. 

Edematous. 

87.5 

9.99 

2.83 

Klose.i!> 

3        mos. 
3.5       " 
3.75     " 

1  Gastrointestinal 
disorders. 

81.08 
83.81 
81.52 

14.69 
13.56 
16.00 

2.77 
3.26 
3.41 

Steinitz.2" 

is 

iC 

The  rat  and  the  mouse  (Group  3)  are  very  immature  at  birth 
and  are  most  dependent  upon  their  mother.  The  greater  part 
of  their  chemical  development  occurs  after  birth  and  they 
have  the  highest  water  content  at  birth. 

The  relative  fatness  of  animals  of  the  same  species  does  not 
effect  the  composition  when  calculated  to  the  fat-free  basis. 
This  is  especially  well  shown  by  the  curves  for  cattle  since  the 
animals  were  of  all  degrees  of  fatness  and  still  approximate  the 
curves  very  closely. 

It  would  apparently  follow  from  the  preceding  paragraph  that 
the  plane  of  nuti'ition  would  not  affect  the  composition  of  animals. 

'8  Sommerfeld,  P.,  Arch.  Kinderh.,  1900,  x.xx,  253. 
1'  Klose,  E.,  Jahrb.  Kinderh.,  1914,  Ixxx,  154. 
20  Steinitz,  F.,  .Jahrb.  Kinderh.,  1904,  lix,  447. 
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This  is  true  unless  the  conditions  have  been  such  as  to  retard 
development  of  the  individual.  Some  indication  of  this  effect 
is  shown  bj'  atrophic  infants  and  infants  suffering  from  gastro- 
intestinal disorders  from  birth  and  consequently  badh^  nourished. 
The  data  in  Table  IV  show  a  noticeably  higher  water  content 
for  the  abnormal  infants,  the  difference  being  from  1  or  2  to  7 
per  cent  higher.  Marked  underdevelopment  at  birth  is  also 
accompanied  by  high  water  content  as  shown  by  Jersey  Calf 
85  A  reported  by  Haigh,  Moulton,  and  Trowbridge.^^  This  calf 
weighing  only  30  pounds  at  birth,  was  the  offspring  of  a  mother 
fed  an  abnormally  low  mineral  ration  and  at  birth  it  showed  an 
undeveloped  lower  jaw  and  the  absence  of  eyes.  On  the  fat- 
free  basis  its  water  content  was  78.2  per  cent,  while  normal 
calves  contain  76.2  per  cent  water. 

Relatioyi  between  Chemical  Development  and  the  Life  Cycle. 

In  Table  V  are  presented  the  ages  of  the  various  mammals 
studied  at  different  times  in  their  life  cycles.  The  ages  shown 
are  those  based  on  conception  as  the  point  of  reference.  The 
appi-oximate  length  of  life  is  based  largely  on  figiu'es  in  the  9th 
and  11th  editions  of  the  Encyclopedia  Brittanica  and  in  Met- 
chinkoff's  "The  prolongation  of  life."  They  are  probably  as 
accurate  as  can  be  found.  It  is  seen  that  with  some  of  the  ani- 
mals the  length  of  the  gestation  period  and  the  composition  at 
birth  are  correlated.  Thus,  cattle  with  a  long  gestation  period 
are  quite  mature  at  birth.  The  cat  and  dog  have  shorter  gesta- 
tion periods  and  are  less  mature  at  birth,  and  the  rat  and  mouse, 
with  the  shortest  periods,  are  least  mature.  Man,  the  pig,  and 
especially  the  guinea  pig  do  not  show  this  relation.  There  is 
still  less  correlation  with  the  length  of  life.  About  as  good 
correlation  is  shown  between  the  age  at  the  maximum  of  the 
third  growth  cycle  and  the  composition  at  birth.  The  figures 
for  the  third  growth  cycle  are  those  of  Brodj^  and  Ragsdale.^- 

If  the  age  at  which  chemical  maturity  is  reached  is  divided 
by  the  length  of  life — both  expressed  in  days  of  conceptional  age 

^'  Haigh,  L.  D.,  Moulton,  C.  R.,  and  Trowbridge,  P.  F.,  Missouri  Agric. 
Exp.  Station  Research  Bull.  28,  1920. 

"  Brody,  S.,  and  Ragsdale,  A.  C,  J.  Gen.  Physiol,  1922-23,  v,  205. 
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—and  the  results  expressed  as  percentages,  a  fairly  constant 
figure  is  obtained.  Had  the  length  of  life  of  the  animals  been 
more  carefully  determined  or  had  the  age  at  chemical  maturity 
been  more  accurately  fixed,  this  percentage  might  be  more  con- 
stant. It  is  sufficiently  constant  to  permit  the  formulation  of. 
the  following  tentative  law:  That  mammals  reach  chemical 
maturity  at  different  ages,  but  these  ages  are  a  fairly  constant 
relative  part  of  the  total  life  cycle. 

TABLE  V. 
Relations  between  Life  Cijcles  and  Chemical  Composition. 


Species. 


Cattle 

Guinea  pig 

Man 

Swine 

Dog 

Cat 

Rabbit 

Rat 

Mouse 


J=.2 


a  a 
—  a 


tla'js 

285 
64 
285 
120 
61 
60 
31 
25 
20 


jprs. 

25 

7 

80 

20 

17 

11 

10 

3-6 

3-6 


OS  C 

Si2 


o 


(lays 

850 
145 
i,300 
200? 


185 
86 
62 


O.  a 

O   c. 

O 


days 

435 
114 

1,285 
270-420 
261 
160? 

75 


per  cent 

4.6 
4.6 
4.4 
4.6 
4.3 
3.9? 

4.5 


Composition  at  birth. 


per  cent 

76.3 

77.8 

82.0 

82 

82 

83 

84 

88 

86-87 


per  cent 

18.4 
16.8 
14 

12-13 
13-14 
13-14 
13 
9.6 
11.0 


per  cent 

4.56 

3.76 

3 

3 

2 

2.5 

2-3 

1.5 

1.7 


SUMMARY. 

The  composition  of  animals  should  be  compared  on  the  fat- 
free  basis  in  order  to  make  apparent  the  effects  of  age  or  abnor- 
mal development. 

On  this  basis  it  is  shown  that  mammals  show  a  rapid  decrease 
in  relative  W'ater  content  and  increase  in  protein  (nitrogen) 
and  ash  content  from  earliest  life  until  the  time  of  chemical 
maturity  is  reached.  At  this  time  the  change  becomes  rather 
suddenly  less,  and  nearly  constant  composition  is  shown. 

Mammals  vary  in  composition  at  birth.  Those  relatively 
mature  have  a  low  w^ater  content  and  those  less  mature,  a  high 
water  content.  The  change  in  chemical  development  at 
birth  follows  the  degree  of  physical  development. 
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The  fatness  of  the  individual  has  no  effect  on  the  composition 
on  the  fat-free  basis. 

Edema,  underdevelopment,  and  atrophy  give  abnormal  water 
percentages. 

INIammals  reach  chemical  maturity  at  different  ages,  but  these 
ages  are  a  fairly  constant  relative  part  of  the  total  life  cycle. 


THE   JOCENAL  OF  BIOLOGICAL  CHEMISTRY,  VOL.  LVII,  NO.  1 


A  STUDY  OF  THE  CONDITION  OF  SEVERAL  INORGANIC 

CONSTITUENTS  OF  SERUM  BY  MEANS  OF 

ULTRAFILTRATION. 

By  B.  S.  NEUHAUSEN 

{From  the  Depai  tment  of  Physiology,  the  Johns  Hopkins  University, 
Baltimore.) 

AND  J.   B.   PINCUS. 

{From  the  Department  of  Pediatrics,  the  Johns  Hopkins  University, 
Baltimore.) 

(Received  for  publication,  June  11,  1923.) 

The  inorganic  constituents  of  the  seriini  may  be  present  in 
three  forms:  as  ions,  as  undissociated  molecules  in  equilibrium 
with  the  ions,  and  as  non-ionizable  compounds  with  some  of  the 
organic  constituents.  Owing  to  the  number  of  ionic  constituents 
present  in  the  serum,  only  a  few  of  the  ionic  species  can  be  deter- 
mined electrometrically  (1).  It  has  been  proposed,  however,  to 
determine  the  sum  total  of  any  inorganic  constituent  present  in 
the  form  of  ions  or  undissociated  molecules  (which  are  potentially 
ions),  i.e.  the  diffusible  portion  of  the  constituent,  by  means  of 
compensation  dialysis  or  ultrafiltration.  The  method  of  com- 
pensation dialysis  which  had  been  developed  by  Michaelis,  Rona, 
and  their  students  while  satisfactory  for  the  organic  crystal- 
loids of  the  serum  gives  variable  results  in  the  case  of  inorganic 
constituents  because  of  the  existence  of  a  Donnan  membrane 
equilibrium  on  the  sides  of  the  collodion  membrane,  as  for  instance 
in  the  chlorine  determinations  by  this  method  of  Rona  and 
Gyorgy  (2). 

The  older  determinations  by  means  of  ultrafiltration  through 
Bechhold  filters  under  pressures  running  into  tens  of  atmospheres 
were  open  to  criticism  such  as  that  of  Burian  (3)  that  any  labile 
compounds  between  the  proteins  and  inorganic  ions  may  have 
been  decomposed  by  the  excessive  pressures.     Recently,  however, 
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it  has  been  found  possible  by  a  number  of  investigations  to  ultra- 
filter  serum  at  pressures  approximating  systolic  pressure  (120  to 
150  mm.).  Cushny  (4)  used  collodion  sacs  while  Richter-Quittner 
(5)  employed  a  patented  Zsigmondy-Bachmann  filter. 

The  work  of  Cushny  is  open  to  criticism  because  of  its  incom- 
pleteness and  therefore  lack  of  conclusiveness  in  several  regards. 
Thus  he  determines  the  phosphate  concentration  in  the  ultra- 
filtrate,  but  not  in  the  original  serum  and  assumed  Abderhalden's 
original  determination  of  inorganic  phosphorus  in  ox  blood  to  be  true 
for  the  sample  with  which  he  was  working.  No  direct  determina- 
tions were  made  on  sodium  and  potassium ;  it  was  merely  assumed 
that  "the  fact  that  the  total  ash  of  the  filtrate  is  practically  equal 
to  that  of  the  original  serum  in  amount  shows  that  the  sodium  and 
potassium  pass  through  the  membrane  readily  and  in  the  same 
proportion  as  in  the  serum."  Richter-Quittner  obtained  unusu- 
ally high  values  for  the  calcium  content  of  serum  (40  to  46  mg.  per 
100  cc.)  and  extremely  low  values  for  the  filterable  calcium 
(2  to  3  mg.  per  100  cc),  while  Cushny  found  60  per  cent  of  the 
calcium  to  be  diffusible  and  Neuhausen  and  Marshall  (1)  found 
20  to  25  per  cent  of  the  total  calcium  to  be  in  ionic  condition,  and 
this  is  only  part  of  the  diffusible  calcium.  Furthermore,  Richter- 
Quittner  has  claimed  that  about  30  to  60  per  cent  of  the  potassium 
is  non-filterable,  while  preliminary  experiments  done  here  had 
indicated  that  all  the  potassiimi  is  djffusible.  In  the  case  of 
constituents  that  are  free  in  the  serum,  we  should  expect  higher 
concentrations  of  the  constituents  in  the  filtrate  than  in  an  equal 
volimne  of  the  original  serum,  for  a  portion  of  the  volume  in  the 
serum  is  occupied  by  the  proteins  instead  of  liquid  containing 
these  ions.  Accordingly,  it  was  deemed  advisable  to  undertake 
a  comparison  of  the  contents  of  pig's  serum  and  its  ultrafiltrate 
as  regards  phosphate,  chlorides,  potassium,  calcium,  and  sodium. 

Apparatus  and  Method. 

The  ultrafilters  were  prepared  according  to  the  method  described 
by  Marshall  and  Vickers  (6)  except  that  when  not  in  use  the 
filters  were  kept  in  an  ice  chest  and  so  we  were  enabled  to  use  them 
repeatedly.  The  ultrafiltrates  were  tested  and  found  free  from 
protein. 
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30  cc.  of  serimi  were  usually  put  into  bags  and  filtered  at 
pressures  varying  from  120  to  180  mm.  of  mercury,  limits  within 
which  the  pressure  was  found  to  have  no  effect  on  the  character 
of  the  filtrate.  1  to  2  cc.  were  filtered  in  order  to  displace  any 
water  in  the  interstices  of  the  bag  with  ultrafiltrate.  This  ultra- 
filtrate  was  discarded.  A  measured  quantity  of  serum  was  then 
removed  from  the  bag  and  ultrafiltration  was  resumed.  After  a 
quantity  of  ultrafiltrate  sufficient  for  the  analytical  requirements 
had  been  obtained,  ultrafiltration  was  stopped,  a  measured 
quantity  of  the  residue  in  the  bag  was  taken,  and  ultrafiltration 
continued  into  a  second  receptacle.  Upon  completion  of  the 
second  ultrafiltration  another  sample  was  taken  of  the  residue  in 
the  bag.  Thus  in  most  cases  there  were  analyzed  two  ultra- 
filtrates,  the  original  serum  and  the  first  and  second  residue.  In 
a  number  of  cases  only  one  residue  and  one  ultrafiltrate  were 
analyzed. 

For  the  determination  of  calcium  the  method  of  Kramer  and 
Rowland  (7)  was  used;  for  potassium  that  of  Kramer  and  Tisdall 
(8) ;  for  sodiimi  that  of  the  same  authors  (9) ;  for  phosphate,  the 
Briggs  modification  of  the  colorimetric  method  of  Bell  and  Doisy 
(10);  and  for  chlorine,  that  of  Whitehorn  (11). 

RESULTS   AND   DISCUSSION. 

As  no  analyses  for  all  constituents  were  made  on  the  same 
sample  of  serum  the  results  on  the  different  constituents  are 
represented  separately.  Several  representative  sets  of  results  are 
given  below  expressed  as  mg.  per  100  cc. 

Phosphates. — In  Table  I  are  presented  results  on  the  inorganic 
phosphates. 

From  this  table  it  may  be  seen  that  the  ultrafiltrates  have  a 
higher  concentration  of  inorganic  phosphate  than  the  sera  from 
which  they  are  filtered  and  also  that  the  phosphate  content  de- 
creases progressively  in  the  residues.  This  state  of  affairs  would 
be  expected  when  the  volume  occupied  by  the  proteins  is  taken 
into  account  and  in  the  second  colimin  of  each  set  there  are 
shown  the  concentration  that  would  be  expected  when  the  absence 
or  increase  in  protein  is  taken  into  account.  From  Table  I  we 
may  conclude  that  the  inorganic  phosphorus  of  the  serum  is 
present  wholly  in  the  form  of  ions  or  filterable  electrolytes.     This 
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result  is  of  interest  in  connection  with  the  work  of  Rona  and 
Takahashi  (12)  who  found  by  compensation  dialj^sis  that  all  the 
phosphate  of  horse  serum  is  diffusible. 

Chlorides. — In  Table  II  are  presented  the  results  obtaind  on 
chlorides.  It  will  be  noted  that  as  in  the  case  of  phosphate  the 
chloride  content  per  volume  of  the  ultrafiltrates  is  greater  than 
of  the  original  serum  or  of  the  residues,  and  that  the  chloride 


TABLE 

I. 

Sample. 

Set  I. 

Set  II. 

Set  III. 

Ob- 
served. 

Calcu- 
lated. 

Ob- 
served. 

Calcu- 
lated. 

Ob- 
served. 

Calcu- 
lated. 

Original  serum 

First  filtrate 

11.8 
12.0 

11.1 

12.5 
11.0 

12.6 
11.6 
12.6 
11.4 

11 
12 

10.7 
11.5 
10.6 

11.8 
10.7 

11.8 
10.5 

10.9 
11.3 
10.8 
11.0 
9.5 

11.7 

"     residue 

10.7 

Second  filtrate 

"        residue 

11.7 
10 

TABLE 

IL 

Sample. 

Set  I. 

Set  II. 

Set  III. 

Ob- 
served. 

Calcu- 
lated. 

Ob- 
served. 

Calcu- 
lated. 

Ob- 
served. 

Calcu- 
lated. 

Original  serum 

First  filtrate 

620 

687 
610 
683 
600 

674 
605 
674 
590 

618 

693 
605 
680 

675 
603 

675 

554 
594 
547 
603 
524 

600 

"     residue 

549 

Second  filtrate 

"        residue 

600 
535 

decreases  as  the  protein  content  increases.  The  chloride  concen- 
^trations  found  agree  satisfactorily  with  those  calculated  when 
the  changes  in  the  volume  occupied  bj^  the  proteins  are  taken  into 
account.  The  increase  in  chloride  concentration  of  the  filtrate 
found  by  us  is  in  agreement  with  the  work  of  Rusznyak  (13)  and 
in  disagreement  with  CiLshny  and  Richter-Quittner  who  obtained 
the  same  concentrations  in  the  "serum  and  its  ultrafiltrate.  These 
results  likewise  point  to  the  conclusion  that  all  the  chlorine  is 
present  in  a  diffusil^le  form  in  the  serum,  a  conclusion  which  Rona 
(14)  reached  b}^  means  of  compensation  dialysis  of  horse  serum 
and  Asher  and  Rosenfeld  (15)  by  diffusion  of  ox  and  rabbit  sera 
against  water,  and  Neuhausen  and  Marshall  (1)  through  elec- 
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trometric  determinations  on  dog  serum.  The  existence  of  a 
fibrinogen-chlorine  compound  as  postulated  by  Falta  and  Ptichter- 
Quittner  (16)  is  very  doubtful  in  view  of  the  total  diffusibihty  of 
the  chlorine. 

Potassium. — In  Table  III  are  presented  the  potassium  analyses. 
It  will  be  noted  that  within  the  limits  of  error  of  the  analytical 
method  the  potassiimi  is  apparently  all  or  nearly  all  diffusible  when 


TABLE 

III. 

Sample. 

Set  I. 

Set  II. 

Set  III. 

Ob- 
served. 

Calcu- 
lated. 

Ob- 
served. 

Calcu- 
lated. 

Ob- 
served. 

Calcu- 
lated. 

Serum 

26 

26.4 

26 

28 
25.3 

26 

25 
24.7 

28 
25.3 

25 
25.2 

28 

First  filtrate 

27 

Residue 

24.5 

M^e  compare  the  calculated  values  with  those  actually  found.  In 
the  case  of  human  sera  Richter-Quittner  (5)  had  obtained  results 
which  indicated  that  from  40  to  75  per  cent  of  the  potassiimi  was 
free.  In  the  course  of  some  preliminary  results  on  ultrafiltration 
of  human  serum  we  obtained  results  that  point  to  a  complete 
diffusibility  of  potassium,  the  analysis  giving  24,  22.4,  and  22  mg. 
of  potassium  per  100  cc.  in  the  original  serum,  ultrafiltrate,  and 
residue,  respectively. 

TABLE  IV. 


Original  solution. 

First  filtrate. 

First  residue. 

Second 
filtrate. 

Second 
residue. 

400 
40 
4.8 
9  in  0.1  N  NaCI. 

395 

40 

5 

8.8 

400 
40 
5 
9.3 

400 
9.2 

400 
9.3 

Before  we  commenced  our  work  on  the  determination  of 
calcium,  we  found  it  necessary  to  ascertain  whether  anj^  lowering 
of  the  calcium  ion  concentration  in  the  filtrate  may  not  be  due  to 
adsorption  of  the  calcium  by  the  bag.  We  accordingly  filtered 
aqueous  solutions  of  CaCl2  and  CaCl2-NaCl  mixtures  through 
the  bags.  It  was  noted  that  there  was  no  appreciable  change  in 
the  calciimi  concentration  of  the  filtrate  as  compared  with  the 
original  material  or  the  residues.  Some  of  these  results  are 
presented  in  Table  IV. 
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The  results  of  the  analyses  for  calcium  are  given  in  Table  V. 

As  will  l)e  noted  by  comparing  the  concentrations  of  calcium 
foiuul  in  the  filtrates  and  residues  with  the  values  calculated  on 
the  assumption  that  all  the  calcium  is  diffusible,  that  only  40  to  62 
per  cent  of  the  calcium  is  in  a  filterable  condition.  There  is 
apparently  a  striking  variation  in  the  individual  animals  as  to  the 
quantity  of  filterable  calciimi.  Unlike  chlorine,  phosphate,  or 
potassium  the  residues  are  higher  in  calcium  than  in  the  original 
sera,  as  would  be  expected  from  the  accmnulation  of  some  non- 
filterable  compound.  Our  findings  are  in  agreement  with  the 
conclusions  of  Rona  and  Takahashi  (17)  that  about  75  per  cent  of 
the  calcium  in  horse  and  pig  sera  is  diffusible.  Cushny  (4)  had 
found  60  to  70  per  cent  of  the  calcium  in  ox  serum  to  be  filterable. 
As  mentioned  in  the  introduction  Richter-Quittner  (5)  had  found 

TABLE  v. 


Sample. 

Set  I. 

Set  II. 

Set  III. 

Set  IV. 

Ob- 
served. 

Calcu- 
lated. 

Ob- 
served. 

Calcu- 
lated. 

Ob- 
served. 

Calcu- 
lated. 

Ob- 
served. 

Calcu- 
lated. 

Original  serum 

First  filtrate 

"     residue 

Second  filtrate 

"       residue 

11. S 

7 
13.2 

6.S 
14 

12.6 

11.7 
12.6 
11.4 

10.8 

4.8 

11.2 

11.6 
10.6 

10.4 

6.9 

12.8 

11.2 

9.6 

11.2 

5.2 

11.0 

13.2 

12.0 
10.6 
12 

9.7 

only  5  to  7  per  cent  of  the  calcium  to  be  filterable.  His  values 
for  the  total  calcium  in  serum  are  evidently  erroneous.  As  the 
result  of  several  experiments  we  have  found  40  to  50  per  cent  of 
the  calcium  of  human  serum  to  be  filterable.  It  should  also  be 
noted  that  in  the  case  of  pig  serum  saturated  at  40  mm.  of  CO2 
and  also  filtered  in  an  atmosphere  containing  40  mm.  of  CO2  we 
failed  to  find  any  appreciable  increase  in  the  filterable  calcium.^ 

'  These  results  are  rather  surprising  in  view  of  the  well  known  equation 
of  Rona  and  Takahashi  (17)  that 


[Ca1  = 


K.[H+] 


[HCO3-] 

Since  by  the  Henderson-Hasselbalch  equation 

K2PCO2 


[H+ 


[HCO3 


(I) 


(II) 
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That  the  sodium  is  totally  diffusible  has  been  accepted  by  all 
investigators  who  have  worked  on  ultrafiltration.  In  this  work 
the  results  obtained  point  likewise  to  a  similar  conclusion  Thus 
we  obtained  from  a  serum  containing  336  mg.  of  sodium  per  100 
cc,  336  mg.  in  the  filtrate  and  317  mg.  in  the  residue.  While 
the  filtrates  did  not  always  show  an  increase  in  the  sodimn  content 
as  might  be  expected,  the  residues  were  usually  smaller  in  sodium 
content.  Rona  and  Gj^orgy  (2)  have  interpreted  the  variation 
in  the  titratable  bicarbonate  content  of  their  ultrafiltrate  with 
increase  in  the  carbon  dioxide  tension  as  indicating  that  about 
10  to  15  per  cent  of  the  sodium  was  present  as  a  sodium-protein 
compound.  However,  direct  analyses  for  sodium  have  indicated 
complete  filtrability. 

SUMMARY. 

Anal.yscs  of  pig  sera,  their  ultrafiltrates  and  residues,  indicate 
that  the  chlorides,  phosphates,  sodium,  and  potassium  are 
totally  diffusil^le.  Potassium  in  human  serum  likewise  seems  to 
be  totally  diffusible.  Calcium  in  pig  serum  seems  to  be  from 
30  to  50  per  cent  in  a  non-diffusible  form. 
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in  which  pC02  equals  the  partial  pressure  of  CO2  gas  with  which  the 
solution  is  in  equilibrium,  the  following  relation  is  obtained: 

ic^i  =  f^  .  5El=  (III) 

K2PCO2         PCO2 

Since  the  [H+]  of  serum  is  nearly  proportional  to  the  CO2  tension  for  a 
given  bicarbonate  content,  it  follows  that  the  ionic  calcium  is  therefore 
filterable  and  should  increase  if  there  were  any  undissolved  CaCOs  in 
serum  as  implied  in  (I) .  ■ 
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A  NEW  PERMANENT   STANDARD   FOR  ESTIMATION   OF 
HEMOGLOBIN  BY  THE  ACID  HEMATIN  METHOD. 

By  EDWIN  E.  OSGOOD  and  HOWARD  D.  HASKINS. 

{From  the,  Departtnent  of  Biochemistry,  University  of  Oregon  Medical  School, 

Portland.) 

(Received  for  publication,  June  4,  1923.) 

While  investigating  various  hemoglobin  methods,  we  found  the 
acid  hematin  modification'^  of  Palmer's  method-  very  satisfactory 
in  as  far  as  accuracy  of  estimation  is  concerned.  The  preparation 
of  an  accm-ate  stock  solution  of  the  strong  acid  hematin  standard 
is  a  difficult  task  for  those  who  are  not  research  biochemists. 
Since  the  solution  must  be  prepared  about  every  4  months,  the 
method  is  hardly  suitable  for  general  use  by  physicians.  We 
realized  that  a  permanent  standard  is  required  to  make  the  method 
universally  available. 

Newcomer's  method,^  using  a  colored  plate  of  glass  as  the  stand- 
ard, seemed  very  attractive.  But  we  found,  as  did  Miss 
Robscheit,^  that  the  color  is  too  pale  to  give  consistent  results 
at  least  with  workers  whose  eyes  are  not  sensitive  to  very  slight 
changes  of  pale  colors. 

We  have,  therefore,  devised  a  standard  solution  containing 
inorganic  material  only,  which  if  set  at  15  mm.  in  a  colorimeter 
will  match  the  color  of  a  1  per  cent  acid  hematin  solution  set  at 
10  mm.  (a  1  per  cent  solution  being  a  1  in  100  dilution  in  weak 
HCl  of  blood  containing  13.8  gm.  of  hemoglobin  in  100  cc). 
The  intensity  of  the  color  varies  with  change  in  temperature,  but 
this  is  taken  into  account  in  the  calculation  (see  below).  The 
final  standard  prepared  bj^  us  contains  32  gm.  of  ferric  sulfate  and 
80  mg.  of  chromic  sulfate  in  100  cc.     Unfortunately,  the  ferric 

1  Cohen,  B.,  and  Smith,  A.  H.,  /.  Biol.  Chem.,  1919,  xxxix,  4S9.  Rob- 
scheit,  F.  S.,  J.  Biol.  Chem.,  1920,  xli,  209. 

■  Palmer,  W.  W.,  /.  Biol.  Chem.,  1918,  xxxiii,  119. 
^  Newcomer,  H.  S.,  J.  Biol.  Chem.,  1919,  xxxvii,  489. 
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sulfate  on  the  market  is  not  uniform  in  color,  we  found  a  great 
difference  in  the  character  of  the  color  of  several  samples  secured 
from  the  same  manufacturer.  We  made  our  ferric  sulfate  from 
recr3'stallized  ferrous  sulfate  by  the  usual  method,  but  we  care- 
fully regulated  the  amount  of  heat  used.'*  We  have  every  reason 
for  expecting  our  standard  solution  to  keep  indefinitely.  We  have 
been  unable  to  detect  anj'  change  in  color  during  10  months. 

TABLE  I. 

Compariso?}  of  Esiimations  of  Hemoglobin  by  the  Proposed  Method  and  by 

Van  Slyke's  Method. 


Blood  No. 

Percentage  of  hemoglobin. 

New  method. 

Van  Slyke's  method.* 

1 

29.7 

30.6 

2 

37.0 

36.8 

3 

43.7 

42.9 

4 

49.7 

49.0 

5 

56.0 

.1              56.0 

.6 

61.0 

•'%             61.3 

7 

65.7 

m           66.0 

8 

72.3 

74.0 

9 

80.4 

79.8 

10 

90.8 

91.9 

11 

96.2 

96.7 

1? 

100.5 

100.0 

13 

104.8 

104.6 

14 

117.3 

116.8 

15 

123.2 

122.6 

16 

131.3 

132.2 

*  We  found  it  necessarj-  to  take  the  mean  of  several  Van  Slyke  estlpa- 
tions  in  order  to  keep  the  probable  error  below  1  per  cent.  The  results^ligr 
our  method  given  above  are  also  the  mean  of  several  determinations.  \ 

Estimations  made  by  using  this  standard  agree  very  closely 
with  the  results  by  Van  Slyke's  method^  as  will  be  seen  by  examina- 
tion of  Table  I.  No  other  method  that  is  adapted  to  clinical 
use  gave  results  within  5  per  cent  of  the  Van  Slyke  estiDpiations. 

*  Because  of  this  difficulty  in  reproducing  our  standard  we  shall  check 
the  solution  before  it  is  distributed.  It  may  be  secured  from  Hynson, 
Westcott  and  Dunning,  Baltimore. 

6  Van  Slyke,  D.  D.,  J.  Biol.  Chem.,  1918,  xxxiii,  127.  Van  Slyke,  D.D., 
and  Stadie,  W.  C,  J.  Biol.  Chem.,  1921,  xlix,  1. 
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Technique. — If  the  patient  bleeds  freely  from  a  skin  puncture, 
0.05  cc.  of  blood  may  be  taken  with  an  accurate  0.1  cc.  pipette. 
After  wiping  off  the  tip  of  the  pipette  the  blood  is  quickly  blown 
out  into  2.45  cc.  of  water  in  a  test-tube  and  mixed  at  once.  The 
tube  may  be  set  aside  (corked)  until  a  convenient  time  for  estima- 
tion, or  the  work  may  proceed  as  soon  as  the  blood  is  full}^  laked. 

TABLE  II. 
Per  Cent  of  Hemoglobin  Corrected  for  the  Temperature  of  the  Standard, 
Corresponding  to  Various  Colorimeter  Readings. 


Colori- 
meter 

Temperature. 

reading. 

15.5° 

16.5° 

17.5° 

18.5° 

19.5° 

20.5° 

21.5° 

22.5° 

23.5° 

21.5° 

25.5° 

mm. 

8.0 

131.5 

134.1 

136.7 

139.5 

142.0 

144.7 

147.4 

150.8 

154.0 

157.0 

160.6 

8.5 

123.7 

126.2 

128.6 

131.1 

133.6 

136.2 

139.2 

142.0 

144.8 

148,0 

151.2 

9.0 

116.9 

119.2 

121.3 

123.8 

126.2 

128.8 

131.4 

133.9 

136,5 

139.1 

142.7 

9.2 

114.5 

116.7 

119.0 

121.2 

123.5 

125.9 

128.3 

131.3 

133.9 

136,9 

139.8 

9.4 

111.9 

114.1 

116  3 

118,5 

120,8 

123.3 

125.8 

129.4 

131.2 

133.9 

136.6 

*«e.6 

109.4 

111.6 

113.9 

116,1 

118.4 

120.6 

122.8 

125.4 

128.5 

131.1 

1.33.8 

9.8 

107.2 

109.3 

111.4 

113.6 

115.8 

118.1 

120.5 

123.3 

126.2 

128.6 

131.0 

10.0 

105.0 

107.1 

109.2 

111.5 

113.5 

115.8 

118,2 

120.5 

123.1 

125.6 

128.2 

10.2 

103.0 

105.0 

107.0 

109.1 

111.2 

113.5 

115.9 

118.1 

120.5 

123.1 

125.7 

10.4 

101.0 

103.0 

105,0 

107.0 

109.0 

111.1 

113.2 

115.6 

118,0 

120.6 

123.2 

10.6 

99.0 

101.1 

103.0 

105.0 

107.0 

109.0 

111.0 

113.3 

116.0 

118.4 

120,8 

10.8 

97.4 

99,4 

101.4 

103.3 

105.2 

107.2 

109.3 

111.6 

113.9 

116.2 

118.7 

11.0 

95.8 

97.6 

99.4 

101.2 

103.0 

105.0 

107.0 

109.2 

111.5 

114.0 

116,5 

11.5 

91.3 

93.2 

95.1 

96.9 

98.8 

100.5 

102,5 

104.7 

106.9 

109.1 

111.5 

12.0 

87.8 

89.5 

91.2 

92.9 

94.7 

96.5 

98.4 

100.4 

102,5 

104.6 

106.8 

12.5 

84.2 

85.9 

87.6 

89.2 

91.2 

92.8 

94.5 

96.4 

98.5 

100.5 

102.5 

13.0 

80.8 

82.5 

84.3 

85.9 

87.5 

89.2 

91.0 

92.8 

94.7 

96.8 

98,9 

13.5 

78.0 

79.5 

81.0 

82.6 

84.2 

85.8 

87.5 

89.4 

91.3 

93.2 

95.1 

14.0 

75.2 

76.7 

78.2 

79.7 

81.3 

82.8 

84.3 

86.1 

88.0 

89.9 

.91.8 

15.0 

70,2 

71.6 

73.0 

74.4 

75.8 

77.3 

78.6 

80.4 

82.2 

S3. 9 

85.4 

16.0 

65.8 

67.1 

68.4 

69.7 

1 

71.0   72.4 

73.8   75.4   77.0'  78.6,1 

i          t          1          1 

80.3 

x\.dd  exactly  2.5  cc.  of  0.2  n  HCl  (18  cc.  of  c.p.  acid  per  liter  are 
close  enough).  The  volume  of  the  mixture  is  5  cc,  and  the 
dilution  of  the  blood  is  1  part  in  100.  Warm  the  tulje  in  a  water 
bath  at  55-00°  (often  hot  tap  water  is  satisfactory^)  for  7  minutes 
or  more.  This  develops  the  maximum  color  of  the  acid  hematin 
(we  did  not  find  1  hour  standing  at  room  temperature  sufficiently 
reliable) .     In  the  meantime  the  colorimeter  has  been  set  and  tested 
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for  iiniformitj'  of  the  light  on  both  sides.  Put  the  standard  solu- 
tion in  the  left  hand  cup  and  set  at  15  mm.  Cool  the  ])lood 
mixture  and  put  it  in  the  other  cup.  Make  several  readings, 
being  careful  to  avoid  eye-strain.  Determine  the  temperatm^e 
of  the  standard  at  once  by  inserting  a  thermometer  in  the  liquid. 

No  calculation  is  necessary  since  the  percentage  of  hemoglobin 
can  be  read  directly  from  the  table  using  the  average  reading  and 
the  temperature.  Table  II  is  an  abbreviation  of  the  complete 
table  that  will  be  fm'nished  with  the  solution.  An  estimation  of 
100  per  cent  indicates  that  the  blood  contains  13.8  gm.  of  hemo- 
globin in  100  cc.  Normal  bloods  will,  of  com-se,  give  a  distinctly 
higher  estimation. 

It  is  more  satisfactory  to  use  oxalated  venous  blood.  In  this 
case  measm'e  exactly  1  cc.  into  a  100  cc.  flask,  containing  about  40 
cc.  of  water.  After  laking  has  occurred  add  50  cc.  of  0.2  x  HCl 
while  mixing,  and  dilute  to  the  mark.  To  cut  the  foam  use  a  drop 
of  alcohol  (caprylic  alcohol  must  not  be  used).  Mix  well,  and 
heat  some  of  the  solution  in  a  test-tube  as  described  above. 

In  cases  of  marked  anemia  use  double  quantity  of  l^lood,  and 
divide  the  estimated  per  cent  of  hemoglobin  by  2.  If  0.1  cc.  is 
taken  for  the  micro  method  2.45  cc.  of  HCl  are  to  be  used  instead 
of  2.5  cc. 

Preservation  of  the  Standard. — The  solution  is  kept  in  a  Non-sol 
or  PjTex  flask,  corked  with  a  rubber  stopper  (if  a  new  stopper  is 
used,  scorn-  off  the  powdered  material).  The  standard  after  being 
used  is  stored  in  a  second  flask.  Before  the  main  stock  of  stand- 
ard is  exhausted  check  up  the  used  standard  against  it  b}^  making 
estimations  with  both,  using  the  same  acid  hematin  preparation. 
If  they  agree,  pour  the  used  standard  into  the  other  flask  and  use 
again.  "We  have  found  that  with  reasonable  care  no  change  in 
the  solution  is  noticed  during  months  of  repeated  use.  Of  com'se, 
the  cup  and  plunger  of  the  colorimeter  must  be  clean  and  dry 
before  the  standard  is  put  in  the  cup.  If  dried  salts  collect  on  the 
stopper  and  on  the  mouth  of  the  flask,  wipe  off  with  a  damp  cloth. 

Advantages  of  the  Method. — The  technique  is  quick,  simple,  and 
accurate.  Special  apparatus  is  not  required.  The  standard  is 
permanent. 


A  NEW  PERMANENT   STANDARD   FOR  SAHLI'S  HEMO- 
GLOBINOMETER. 

By  HOWARD  D.  HASKINS. 

{Froia  the  Department  of  Biochemistry ,  University  of  Oregon  Medical  School, 

Portland.) 

(Received  for  publication,  June  4,  1923.) 

Under  optimum  conditions  the  estimations  of  hemoglobin  by 
Sahh's  method  are  sm'prisingly  accm'ate.  If  the  diluting  test- 
tube  is  accm'ately  graduated  and  has  the  same  inside  diameter  as 
the  standard  tube,  and  if  the  blood  pipette  has  the  proper  capacity, 
very  satisfactory  determinations  can  be  made  provided  the  stand- 
ard solution  is  correct. 

The  manufacturers  can  readily  fulfil  all  the  requirements 
except  the  last  one.  The  um-eliability  of  the  standard  has  brought 
the  method  into  disrepute.  Acid  hematin  standards  deteriorate 
and  soon  become  worthless.  I  have  examined  permanent  stand- 
ards made  by  two  leading  manufacturers.  Those  of  one  firm  have 
a  color  which  does  not  resemble  that  of  acid  hematin.  Estima- 
tions made  with  these  standards  showed  that  they  did  not  have  the 
hemoglobin  equivalence  that  was  claimed  for  them.  The  stand- 
ards of  the  other  firm  were  better,  but  they  became  darker  after 
some  months.     They  were  discontinued  by  the  manufacturer. 

The  writer  has  been  able  to  prepare  a  permanent  standard  fi-om 
inorganic  material  that  has  shown  no  change  in  10  months.  It  is 
made  by  mixing  50  cc.  of  ferric  sulfate  solution  (containing  53.3  gm. 
in  100  cc),  15  cc.  of  cobalt  sulfate  solution  (10  gm.  Co  S04-  7H2O 
in  100  cc),  and  10  cc  of  water.  Unfortunately,  ferric  sulfate 
(either  in  dry  form  or  as  a  solution)  of  uniform  color  value  seems 
to  be  unobtainable.  Different  samples  secured  from  the  same 
manufacturer  varied  widely  in  the  character  of  the  color.  If  one 
wishes  to  duphcate  mj'  standard,  he  must  check  it  up  against  1 
per  cent  acid  hematin  that  has  been  prepared  with  research 
accuracy.     It  is  probable  that  different  proportions  of  ferric  sul- 
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fate  and  cobalt  sulfate  than  those  given  above  will  have  to  be 
iised.^ 

Technique. — Put  (approximately)  0.2  n  HCl  in  the  graduated 
test-tube  to  about  the  10  mark.  Deliver  0.02  ec.  of  blood  with 
the  pipette  into  the  solution  and  mix  quiekh'.  Draw  the  liquid 
into  the  pipette  twice  blowing  it  out,  then  rinse  the  tip  with  a  drop 
of  the  acid  solution.  Keep  the  test-tube  in  a  beaker  of  hot  water 
(55-60°)  for  7  minutes.  In  that  length  of  time  the  full  acid  hem- 
atin  color  is  developed — 1  hour  at  room  temperature  did  not  prove 
to  be  as  reliable  as  some  investigators  claim. 

TABLE  I. 

Comparison  of  Hemoglobin  Estimations  by  Van  Slyke's  Method  and  by  Sahli's 
Method  Using  the  New  Permanent  Standard. 


Hemoglobin. 

Blood  No. 

Van  Slyke's  method. 

New  method. 

per  cent 

per  cent 

1 

9G.7 

97.0 

2 

99.7 

99.0 

3 

104.6 

104.0 

4 

114.5 

115.0 

5 

117.1 

117.0 

G 

119.3 

120.0 

7 

122.6 

123.0 

8 

122.0 

123.0 

9 

132.0 

132.0 

Cool  the  tube  and  dilute  the  mixtm-e  gradually  with  careful 
mixing  until  it  matches  the  standard.  The  standard  must  be  at 
19-20°  to  give  strictly  accurate  results.  Immerse  the  standard 
tube  in  water  at  that  temperatm-e  for  a  few  minutes  before  using 
it,  if  the  room  temperature  is  different. 

At  higher  temperatures  the  standard  becomes  darker  (increased 
hydrolytic  dissociation)  and  underestimation  results.  The  error 
is  approximately  1  per  cent  for  each  degree. 

1  Because  of  the  difficulty  of  reproducing  the  standard,  we  shall  check  up 
the  solution  before  it  is  distributed.  Hynson,  Westcott  and  Dunning  of 
Baltimore,  will  furnish  the  material. 
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The  metliocl  was  carefully  standardized  against  Van  Slyke's 
method.-  A  reading  of  100  on  the  graduated  tube  indicates  that 
the  blood  contains  13.8  gm.  of  hemoglobin  in  100  cc.  The  read- 
ings will  not,  therefore,  be  in  terms  of  percentage  of  the  average 
normal.  The  work  of  Meyer  and  Butterfield^  seems  to  show  that 
the  Sahli  readings  will  average  116  for  normal  males  and  109  for 
females  provided  the  blood  contains  5  million  red  cells  per  cubic 
millimeter. 

"\^Tien  the  method  is  carried  out  with  great  care  the  estimations 
are  ahnost  as  accurate  as  those  by  Van  Shake's  method,  as  will 
be  seen  by  examining  Table  I.  Routine  estimations  should  give 
results  within  2  per  cent  of  the  correct  amount. 

SUMMARY. 

A  permanent  standard  made  of  inorganic  materials  is  proposed 
for  the  Sahli  hemoglobinometer.  The  estimations  are  accurate  if 
the  pipette  and  tubes  are  correctly  calibrated. 

2  Van  Slyke,  D.  D.,  J.  Biol.  Chem.,  1918,  xxxiii,  127.  Van  Slyke,  D.  D., 
and  Stadie,  W.  C,  J.  Biol.  Chem.,  1921,  xlix,  1. 

3  Meyer,  E.,  and  Butterfield,  E.  E.,  Arch.  Int.  Med.,  1914,  xiv,  94. 


DIET  AND  THE  BORDER-LINE  OF  ACETONURIA. 

By  ROGER  S.  HUBBARD  AND  FLOYD  R.  WRIGHT. 

{From  the  Laboratories  of  the  Clifton  Springs  Sanitarium,  Clifton  Springs, 

New  York.) 

(Received  for  publication,  May  28,  1923.) 

In  a  previous  paper  (Hubbard  and  Wright,  1922),  the  acetone 
excretion  of  subjects  who  were  receiving  diets  low  in  carboliydrate 
and  high  in  fat  was  studied.  Each  subject  received  a  number  of 
different  diets  in  which  the  proportion  of  these  foods  varied,  and 
it  v,as  found  that  when  more  than  1  molecule  of  ketogenic  material 
was  burned  in  the  body  for  each  molecule  of  antiketogenic  material 
burned  simultaneously  there  was  an  increased  excretion  of  the 
acetone  bodies,  and  these  were  occasionalh'  slightly  increased  when 
relatively  less  ketogenic  material  was  burned  (Shaffer,  1921). 
Four  experiments  on  arthritic  patients  are  described  in  which 
similar  diets  were  fed,  and  the  diets  were  kept  constant  throughout 
the  periods. 

Protocols. 

Case  1,  Hospital  No.  7500. — Female,  42  years  old,  66  inches  tall,  weight 
160  pounds.  Her  basal  metabolism  was  1,465  calories  per  day.  She  was 
fed  a  diet  consisting  of  45  gm.  of  protein,  65  gm.  of  carbohydrate,  and 
145  gm.  of  fat.  This  diet  furnished  1,758  calories,  or  20  per  cent  more 
than  her  basal  requirement.  10  per  cent  of  the  calories  were  fed  as  protein, 
14.2  per  cent  as  carbohydrate,  and  the  balance  as  fat.  This  diet  contains 
1.1  molecules  of  ketogenic  for  each  molecule  of  antiketogenic  material. 

Ca.se  2,  Hospital  No.  8034. — Female,  49  j'ears  old,  61.5  inches  tall,  weight 
112.5  pounds.  Her  basal  metabolism  was  1,224  calories.  She  was  fed  37 
gm.  of  protein,  55  gm.  of  carbohydrate,  and  122  gm.  of  fat.  This  diet 
furnished  1,466  calories,  or  20  per  cent  more  than  her  basal  requirement. 
10  per  cent  of  the  calories  were  fed  as  protein  and  15  per  cent  as  carbo- 
hydrate. The  diet  contained  1  molecule  of  ketogenic  for  each  molecule  of 
antiketogenic  compounds. 

Case  3,  Hospital  No.  7720. — Female,  55  years  old,  65  inches  tall,  weight 
136.5  pounds.  Her  basal  metabolism  was  1,528  calories  per  day.  She  was 
fed  45  gm.  of  protein,  75  gm.  of  carbohydrate,  and  180  gm.  of  fat.     This  diet 
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contained  2,100  calories,  or  37  per  cent  more  than  her  basal  requirement. 
8.6  per  cent  of  the  calories  were  fed  as  i)rotein,  and  14.3  per  cent  as  carbo- 
h\'drate.  This  diet  contained  1.1  molecules  of  ketogenic  for  each  molecule 
antiketogenic  material. 

Case  4,  Hospital  No.  8089. — Male,  40  years  old,  66.5  inches  tall,  weight 
114.5  pounds.  His  basal  metabolism  was  1,438  calories  per  day.  He 
received  43  gm.  of  protein,  43  gm.  of  carbohydrate,  and  153  gm.  of  fat.  This 
diet  furnished  1,621  calories,  or  20  per  cent  more  than  his  basal  require- 
ment. 10  per  cent  of  the  calories  were  furnished  as  protein,  and  the  same 
amount  as  carbohydrate.  The  diet  contained  1.3  molecules  of  ketogenic 
for  each  molecule  of  antiketogenic  material. 

The  basal  metabolism  of  each  patient  was  determined  by  the 
Benedict  portable  respiration  calorimeter  (Benedict,  1918)  and  the 
probable  metabolism  of  the  patient  roughly  estimated  from  the 
value  so  obtained  and  his  activity.  As  the  physical  condition  of  all 
the  patients  limited  the  activity,  the  metabolism  in  all  cases  was 
lower  than  it  would  have  been  for  normal  subjects  of  the  same 
height  and  weight.  Food  was  furnished  to  supply  the  calories  so 
estimated.  The  ratios  between  ketogenic  and  antiketogenic 
material  in  the  different  diets  were  calculated  from  a  slightly  modi- 
fied form  of  Woodyatt's  (1921)  formula.  Acetone  bodies  were 
determined  by  a  method  recently  published  (Hubbard,  1921). 
As  some  of  the  subjects  had  been  receiving  diets  high  in  fat  as  part 
of  their  treatment  before  the  periods  were  commenced,  satisfactory 
control  determinations  could  not  be  obtained  in  all  cases.  A 
series  of  determinations  upon  one  of  the  subjects  on  a  normal  diet 
is  given  to  show  the  variations  found  from  day  to  day  (Table  I). 

A  slight  acetonuria  developed  in  all  cases  as  shown  by  quantita- 
tive determinations  and  confirmed  in  most  instances  b}^  the  sodium 
nitroprusside  test,  but  the  amounts  found  in  the  urine  when  the 
diets  contained  1  molecule  of  ketogenic  for  each  molecule  of  anti- 
ketogenic material  were  ver}'  small.  The  average  amounts 
excreted  by  the  different  subjects  varied  slightly,  but  these  varia- 
tions did  not  correspond  with  the  differences  in  the  amount  of  fat 
fed,  or,  as  far  as  could  be  determined,  with  the  estimated  activity 
of  the  patients.  The  subject  who  received  a  diet  which  contained 
1.3  molecules  of  ketogenic  for  each  molecule  of  antiketogenic 
material  excreted  on  the  average  ten  to  twenty  times  as  much 
acetone  as  did  the  others,  but  the  actual  amounts  contained  in 
the  urine  were  small.     There  was  no  significant  change  in  the  rate 
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TABLE  I. 
Urine. 


1021 

Dec.  8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

1922 

Feb.  22 

"      23 

"      24 

"      25 

"      26 

"      28 

Mar.    1 

3 

4 

6 

"      10 

"      11 

"      12 

"      13 

n-21 

Dec.     8 

"       9 

"      10 


Vol- 
ume. 


1,140 

1,300 

1,700 

680 

580 

840 

480 

735 

780 

570 

760 

735 

1,493 

560 

930 

1,000 

1,880 
2,100 
1,600 
1,880 
1,790^ 
l,94o! 
1,380 
1,880 
1,900, 
1,900, 
1,840| 
2,885| 
1,900, 
l,440i 


Acetone  bodies. 


Aee- 

tone  + 

dia- 

cetic. 


mq.  per 
100  cc. 

0.7 

1.7 


/3-Hy- 

droxy- 

butyric 

acid. 


)     0.2 

)      1.5 

),     1.3 

1     22 

1     2.8 

,     6.7 

1     6.3 

1     6.0 

!     4^4 

3.4 

5.6 

1     1-8 

1     2.0 

0.3  ! 

0.6 

0.6 

0.2 

1.1 

1.6 

1.7 

3.9 

2.1 

1.3 

1.8 

0.6 

0.75 

1.75 

2.4 


900     0.7 

1,850|     0.9 
1,390,     1.9 


mg.  per 
100  cc. 

1.7 
2.0 
1.2 
3  0 
2.1 
2.8 
3.5 
7.1 


0.9 
0.6 
0.3 
1.2 
1.3 
1.2 
1.2 
1.7 
1.1 
0.8 
0.5 
0.2 
1.0 
1.3 

1.9 
1.2 
9  9 


Total. 


0.027 
0.048 
0.023 
0.032 
0.020 
0.051 
0.030 
0.103 
0.083, 
0.066' 
0.072 
0.080 
0.192 
0.028 
0.022 
0.014 

0.028 
0.024 
0.008 
0.056 
0.053 
0.057 
0.070 
0.070 
0.045 
0.048 
0.020 
0.027j 
0.063i 
0.053 

0.023' 
0.038' 
0.058 


Remark.s 


Patient  on  a  diet  high  in  fat 
before  the  experimental 
period.  Experimental  diet 
contained  1.1  molecules 
ketogenic  for  each  molecule 
antiketogenic.  Diet  fur- 
nished 20  per  cent  more 
calories  than  basal  need. 
Diet  stopped  after  Dec.  19. 


Patient  placed  on  a  diet 
Feb.  24.  Diet  contained 
1  molecule  ketogenic  for 
each  molecule  antiketogenic 
material.  Diet  furnished 
20  per  cent  more  than  her 
basal  requirement. 


Patient  on  a  diet  high  in 
fat  before  the  experimental 
period.     Experimental   diet 


Results  of  the  determinations  of  the  acetone  bodies  are  expressed  in 
terms  of  acetone. 
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TABLE  I- 

-Concluded. 

Date. 

Vol- 
ume. 

Acetone  bodies. 

Series 
No. 

Are- 
tone + 
dia- 
cetic. 

/3-Hy- 
droxy- 
butyric 

acid. 

Total. 

Remarks. 

ISL 

/ 

cc. 

mq.  per 
100  cc. 

mn.  per 
100  cc. 

gm. 

Dec. 

11 

2,000 

2.2 

2.2 

0.087 

contained      1.1      molecules 

' 

12 

1,100 

3.0 

3.4 

0.072 

ketogenic  for  each  molecule 

' 

13 

1,410 

3.3 

3.1 

0.089 

antiketogenic          material. 

< 

14 

1 ,2(10 

3.4 

3.7 

0.090 

Diet  furnished  37  per  cent 

< 

15 

1,395 

3.1 

4.4 

0.105 

more     calories     than     her 

( 

16 

1,563 

2.3 

2.45 

0.074 

basal  requirement. 

< 

17 

1,240 

3.1 

4.1 

0.089 

( 

18 

985 

3.1 

3.2 

0.063 

( 

19 

1,480 

2.6 

1.6 

0.063 

t 

20 

1,500 

0.7 

1.7 

0.035 

I 

21 

1,610 

2.1 

1.5 

0.058 

I 

22 

1,2S0 

2.6 

1.8 
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period     was     begun.     Diet 

i{ 
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1 ,480 
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0.016 

started       Mar.       10.     Diet 

li 

27 

1,630 
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contained      1.3      molecules 

iC 

28 
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0.014 

ketogenic  for  each  molecule 
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2 

1,600 
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0.046 

antiketogenic           material. 
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Diet  furnished  20  per  cent 

<( 

9 
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0.8 

0.009 

more    than    his    basal    re- 

" 
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1.6 
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quirement. 

<( 
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31.6 
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It 
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580 

39.6 

25.1 

0.394 

<t 

14 

850 

16.2 

14.7 

0.262 

a 

15 

1,168 

13.7 

4.5 

0.212 

i( 

16 

1,360 

16.2 

14.3 

0.414 

at  which  acetone  was  excreted  cUiring  the  periods  of  studj'.  These 
results  show  that  the  border-Hne  of  ketosis  is  found  in  normal 
subjects  when  the  diet  contains  1  molecule  of  antiketogenic  for 
each  molecule  of  ketogenic  material.  Patients  receiving  such 
diets  should  be  carefully  observed,  and  the  development  of  exces- 
sive acetonuria  watched  for  (Mason,  Richardson,  and  Ladd,  1923). 
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Shaffer  (1922)  has  recently  stated  that  a  ratio  of  2  molecules  of 
ketogenic  for  each  molecule  of  antiketogenic  material  probably 
represents  the  conditions  under  which  the  acetone  bodies  are 
produced,  and  has  shown  that  if  this  ratio  is  assumed  when  diets 
very  low  in  carbohydrate  are  fed  the  degree  of  acetone  excretion 
can  be  predicted  with  great  accuracy.  In  none  of  the  experiments 
presented  here  should  acetone  have  been  excreted  if  this  relation- 
ship is  assumed.  On  the  other  hand,  in  the  fourth  experiment  8.6 
gm,  of  acetone,  or  approximately  twenty  times  as  much  acetone  as 
was  found,  should  have  been  excreted  if  1  molecule  of  ketogenic  to 
1  of  antiketogenic  material  represents  conditions  under  which  the 
acetone  bodies  are  produced.  Even  greater  discrepancies  are 
shown  by  some  of  the  experiments  of  Hubbard  (1923)  and  Hubbard 
and  Wright  (1922). 

In  the  opinion  of  the  writers  Shaffer's  calculations  prove  that 
when  very  little  antiketogenic  material  is  included  in  the  foods 
metabolized  1  molecule  of  it  will  burn  2  molecules  of  ketogenic 
material,  because  agreement  would  not  have  been  found  between 
the  actual  and  theoretical  excretion  of  acetone  if  the  factors  which 
he  assumed  in  making  the  calculations  had  not  been  at  least 
approximately  correct,  or  if  much  more  glycogen  had  entered  into 
metabolism  than  was  taken  into  account  in  making  the  calculations 
(Mason,  Richardson,  and  Ladd,  1923;  McCann  and  Hannon, 
1923).  It  is  possible  that  the  body  can  burn  2  molecules  of  keto- 
genic with  1  molecule  of  antiketogenic  material,  but  that  it  does  not 
do  so  except  when  the  mixtures  of  foods  metabolized  are  ver}-  low 
in  antiketogenic  compounds  (as  in  all  the  experiments  discussed 
by  Shaffer) ;  and  that  ordinarily  it  utilizes  relatively  more  antiketo- 
genic material  for  this  purpose.  Such  an  assumption  would 
explain  both  the  findings  of  Shaffer  and  the  results  of  such  experi- 
ments as  are  described  above,  but  it  does  not  seem  necessary  to 
make  it.  Shaffer  (1922)  and  Hubbard  and  Wright  (1922)  have 
suggested  that  when  the  metabolism  of  the  organism  as  a  whole  is 
below  but  near  the  border-line  of  ketosis,  a  formation  of  excessive 
amounts  of  acetone  occurs  through  variations  in  the  mixtures  of 
foodstuffs  metabolized  at  different  times  of  the  day  and  in  differ- 
ent parts  of  the  organism,  and  it  appears  to  the  writers  that  such  an 
explanation  is  adequate  to  explain  such  acetonuria  as  is  found 
when  foods  metabolized  contain  less  antiketogenic  material  than 
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is  indicated  as  the  border-line  of  ketosis  by  the  ratio  proposed  by 
Shaffer.  1 

In  calculating  the  amounts  of  glucose  derivable  from  protein  in 
excess  of  that  needed  to  burn  the  acetoacetic  acid  derived  from 
the  same  protein  Hubbard  and  Wright  assumed  that  1  molecule 
of  glucose  was  equivalent  to  1  molecule  of  acetoacetic  acid,  and  the 
result  so  calculated  formed  part  of  the  formula  used  by  them  in 
stud3-ing  ketosis.  Since  there  appears  to  be  doubt  whether  such 
an  assumption  is  valid,  more  general  mathematical  expressions 
similar  to  those  suggested  bj^  Woodyatt  (1921)  and  by  Wilder  and 
Winter  (1922)  should  be  used  in  studying  the  problem  of 
ketogenesis. 

SUMMARY. 

Diets  containing  between  1  and  2  molecules  of  ketogenic  for 
each  molecule  of  antiketogenic  material  were  fed  to  four  arthritic 
subjects,  and  the  amount  of  the  acetone  bodies  excreted  in  the 
urine  was  determined.  While  there  was  an  excretion  of  the  ace- 
tone bodies  the  amounts  found  were  small,  and  could  be  explained 
by  Shaffer's  theories  of  ketogenesis. 
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'  In  two  cases  (A376588  and  A375561)  suffering  from  afebrile  infections 
Wilder  and  Winter  (1922)  found  an  excretion  of  fairly  large  amounts  of 
acetone  when  the  foods  burned  contained,  by  their  calculation,  less  ^han 
1  molecule  of  antiketogenic  for  each  molecule  of  ketogenic  material,  but 
the  acetone  excretion  of  these  patients  was  much  less  than  that  calculated 
from  the  1:1  ratio.  It  seems  to  the  writers  that  in  these  cases  there  was 
an  exaggeration  of  the  irregularities  in  metabolism  discussed,  which 
accounts  for  the  findings.  In  other  cases  when  the  foods  burned  have 
given  ratios  between  the  2:1  and  the  1:1  ratio,  excretion  of  only  small 
amounts  of  acetone  has  been  reported. 


STUDIES  IN  NUCLEIN  METABOLISM. 
I.   ADENINE  NUCLEOTIDE  IN  HUMAN  BLOOD. 

By  henry  JACKSON,  Jr. 

{From  the  Thorndike  Memorial  Laboratory  of  the  Boston  City  Hospital  and  the 
Department  of  Medicine,  Harvard  Medical  School,  Boston.) 

(Received  for  publication,  June  15,  1923.) 

In  1914  Bass  (1)  showed  that  other  purines  than  uric  acid  circu- 
late in  normal  human  blood  and  suggested  that  nucleotides  might 
be  present.  He  also  obtained  a  picrate  which  on  the  basis  of  its 
melting  point  he  took  to  be  adenine  picrate.  Greenwald  and 
Gross  (2)  have  recently  confirmed  the  finding  of  the  picrate  which, 
in  the  opinion  of  these  latter  authors,  is  a  "mixture  of  hypoxan- 
thine  and  adenine  picrates." 

In  1920  Thannhauser  and  Czoniczer  (3)  claimed  to  have  dis- 
covered nucleotides  in  human  blood,  but  the  method  they  give 
for  the  determination  of  these  substances  is  one  which  could  hardly 
be  applied  clinically,  as  it  requires  about  100  cc.  of  blood  and 
involves  a  double  protein  precipitation.  Furthermore,  the  evi- 
dence they  give  for  the  presence  of  nucleotides  is  not  entirely 
convincing.  They  precipitated  300  cc.  of  serum  (from  what 
source  they  do  not  state)  with  heat  and  sulfosalicylic  acid  and 
evaporated  the  filtrate  to  a  small  volume  and  treated  it  with  copper 
sulfate  and  sodium  bisulfite.  The  copper  precipitate  so  obtained 
was  decomposed  with  hydrogen  sulfide  and  evaporated  in  vacuum 
to  a  small  volume.  This  material  gave  a  strong  "yellow-red" 
murexide  test.  Another  portion  was  taken  up  in  hot  5  per  cent 
mineral  acid  and  was  found  to  give  a  dark  red  color  with  resorcinol 
and  a  brown-red  color  with  orcinol.  Ammonium  molybdate  gave 
a  "strongly  positive"  reaction  for  phosphate.  They  conclude  from 
these  reactions  and  from  their  quantitative  method  that  the  copper 
precipitate  contains  nucleotide  to  the  extent  of  about  15  mg.  per 
100  cc.  of  serum.  It  may  with  some  reason,  however,  be  objected 
that  the  positive  murexide  test  might  be  due  to  the  uric  acid, 
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which,  of  course,  is  known  to  be  present,  and  would  be  precipitated 
by  the  copper.  The  red  color  with  resorcinol  indicates  a  ketose 
sugar  and  the  naturally  occurring  pentoses  are  aldo  pentoses. 
Again,  it  is  possible  that  the  phosphate  indicated  by  the  ammo- 
nium molybdate  test  might  have  been  carried  down  with  the  copper 
as  simple  phosphate  as  there  is  no  direct  evidence  presented  that 
it  was  bound  and  the  test  is  a  very  delicate  one.  In  any  event, 
further  evidence  on  this  interesting  point  is  perhaps  worth  while. 

In  1922  Davis,  Newton,  and  Benedict  (4)  proved  beyond  any 
question  the  presence  of  considerable  amounts  of  uric  acid  bound 
to  rf-ribose  and  showed  that  this  compound  occurs  in  small  quanti- 
ties in  human  blood. 

Interest  in  combined  purines  in  the  blood  was  thus  aroused  and 
it  seemed  more  than  likely  that  normal  human  blood  would  con- 
tain certain  of  the  higher  decomposition  products  of  nucleic  acid  as 
well  as  the  final  cleavage  products  such  as  uric  acid,  aroimd  which 
the  attention  of  biological  chemists  had  previousl}'  been  centered. 
And  it  is  important  for  a  complete  understanding  of  the  purine 
metabolism  that  these  intermediate  products  should  be  discovered, 
if  indeed  they  are  present,  and  that  a  simple  method  for  their 
determination  should  be  found. 

With  a  view  to  proving  the  presence  or  absence  of  nucleotides 
in  the  blood  the  author  undertook  a  study  of  the  subject  during 
the  winter  of  1921-1922  at  the  Presbyterian  Hospital,  New  York, 
under  the  Department  of  Medicine  of  the  College  of  Physicians 
and  Surgeons,  Columbia  University.  The  work  was  unavoidably 
interrupted  and  was  resumed  again  in  November,  1922,  at  the 
Thorndike  IMemorial  Laboratory  of  the  Boston  City  Hospital.^ 
While  the  work  is  by  no  means  considered  finished  it  seems  advis- 
able, in  view  of  the  interest  in  the  intermediate  products  of  nuclein 
metabolism,  to  publish  the  work  so  far  done. 

Certain  qualitative  tests  first  indicated  the  presence  of  a  nucleo- 
tide in  human  blood.  Tungstic  acid  blood  filtrate  was  treated 
with  an  excess  of  silver  lactate  in  lactic  acid,  the  resulting  precipi- 
tate was  broken  up  and  the  filtrate  treated  with  neutral  lead  ace- 
tate in  neutral  or  slightly  acid  solution.     The  resulting  lead  precip- 

'  The  author  wishes  to  thank  Dr.  Otto  Folin  for  the  privilege  of  working 
in  his  laboratories  during  the  construction  of  the  Thorndike  Memorial 
Laboratory. 
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itate  was  decomposed  with  hydrogen  sulfide  and  the  filtrate  from 
lead  sulfide  gave  a  positive  pentose  reaction  with  orcinol  (violet 
color).  With  naphthoresorcinol  the  blueish  color  did  not  shake 
out  with  ether  or  benzene.  The  substance  giving  the  tests  was, 
therefore,  a  pentose  and  not  gtycuronic  acid. 

If,  previous  to  the  silver  precipitation,  the  blood  filtrate  was 
hjTlrolyzed  in  a  steam  bath  with  2  per  cent  sulfuric  acid  and  the 
same  procedure  as  outlined  above  was  then  carried  out,  no  trace 
of  pentose  reaction  could  be  found.  Again,  if  the  blood  filtrate 
was  precipitated  with  silver  and  then  with  lead  and  the  filtrate 
from  lead  sulfide  was  hydrolyzed  with  2  per  cent  sulfuric  acid  for 
2  hours  in  a  steam  bath,  subsequent  addition  of  silver,  after  proper 
neutralization,  precipitated  the  nitrogen  containing  part  of  the 
substance,  while  the  material  producing  the  pentose  reaction 
remained  in  the  filtrate. 

Reactions  such  as  these  would  be  expected  if  a  nucleotide  were 
present.  It  would  be  precipitated  by  silver  (in  part  at  least) 
and  be  evidenced  by  a  sugar  reaction,  but  if  the  blood  filtrate  were 
first  subjected  to  acid  hydrolysis  the  purine-sugar-phosphoric 
acid  complex  would  be  broken  down  and  the  sugar,  of  course,  would 
not  be  precipitated  with  silver.  Preliminary  evidence  of  a  qualita- 
tive sort  was  thus  obtained  that  blood  contains  nucleotides. 

In  order  to  prove  the  presence  of  a  nucleotide  one  must  either 
isolate  the  substance  as  such  and  subject  it  to  proper  analysis  or 
one  must  isolate  some  of  the  decomposition  products  of  the  nucleo- 
tide from  a  precipitate  which  could  contain  those  decomposition 
products  only  if  they  were  combined  together  in  the  form  of  a 
nucleotide.  It  is  along  these  latter  lines  that  the  author  has  been 
working. 

If  to  the  protein-free  tungstic  acid  filtrate  of  Folin  and  Wu 
(5)  one  adds  a  20  per  cent  solution  of  uranyl  nitrate,  a  flocculent 
precipitate  results  which  when  properly  decomposed  is  found  to 
contain  nitrogen.  This  precipitate  is  believed  to  contain  bound 
adenine,  probably  in  the  form  of  nucleotide.  Adenine  nucleotide 
is  quantitative!}^  precipitated  by  uranium  nitrate  in  slightly  acid 
solution  provided  there  is  a  small  amount  of  simple  phosphate 
present  also.  Neither  nucleosides  nor  free  bases  are  so  precipi- 
tated in  dilute  solution.  If  adenine  nucleotide  is  present  in  blood 
it  should  be  found  in  the  Uranium  precipitate,  comparatively  free 
from  other  substances. 
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For  a  long  time  it  was  attempted  to  isolate  adenine  nucleotide 
or  some  of  its  decomposition  products  from  the  uranium  precipi- 
tate obtained  by  treating  the  tungstic  acid  filtrate  with  uranyl 
nitrate.  Attempts  were  only  partially'  successful,  however,  as  the 
yields  were  very  small,  and  it  was  finally  seen  that  the  small 
amounts  of  tungstic  acid  in  the  blood  filtrate  seriously  interfered 
with  the  subsequent  procedures  and  prevented  the  quantitative 
separation  of  the  component  parts  of  the  molecule.  Picric  acid 
was  then  used  as  a  protein  precipitant  and  was  found  to  serve 
admirably. 

500  cc.  of  whole  blood  from  a  chronic  nephritic  were  diluted  with  2,000  cc. 
of  water,  40  gm.  of  solid  picric  acid  were  added,  and  the  mixture  was  shaken 
until  protein  precipitation  was  complete.  The  clear  yellow  filtrate  was 
treated  with  125  cc.  of  20  per  cent  uranyl  nitrate,  and  after  §  hour  the  floccu- 
lent  precipitate  was  centrifuged  off  and  washed  four  times  with  80  per  cent 
eth3'l  alcohol,  saturated  with  sodium  chloride.  The  precipitate  was  then 
dissolved  in  50  cc.  of  5  per  cent  (volume)  sulfuric  acid.  A  small  portion 
representing  50  cc.  of  blood  was  rapidly  neutralized  and  made  alkaline 
with  concentrated  ammonia  and  centrifuged  until  clear.  10  per  cent  silver 
nitrate  in  ammonia  produced  absolutely  no  precipitate  in  this  solution. 
There  were,  therefore,  no  free  purines  present. 

The  remainder  of  the  solution  (representing  about  450  cc.  of  blood)  was 
heated  in  a  steam  bath  for  2  hours  under  a  reflux  condenser.  The  solution 
was  then  made  alkaline  with  concentrated  ammonia  and  centrifuged  until 
clear.  In  this  clear  liquid  10  per  cent  silver  nitrate  in  ammonia  produced 
a  voluminous  gelatinous  precipitate  characteristic  of  silver  purine.  This 
was  centrifuged  olT,  washed  with  water,  decomposed  with  hydrogen  sulfide, 
and  the  filtrate  from  the  silver  sulfide  freed  from  hydrogen  sulfide  bj'  boiling 
and  made  acid  to  methyl  red  with  HCl.  While  still  hot,  saturated  picric 
acid  was  run  in.  As  the  solution  cooled  a  mass  of  fine,  feathery  needles 
separated  out.  These  were  centrifuged  off,  washed  with  cold  water,  and 
recrystallized  from  hot  water.  The  melting  point  of  the  pure  product 
was  279°  C.  It  was  almost  insoluble  in  cold  water,  easily  soluble  in  hot 
water  and  in  alcohol;  On  analysis  it  proved  to  contain  30.00  per  cent 
nitrogen.  Theoretical  for  adenine  picrate  (without  water  of  crystalliza- 
tion) 30.79  per  cent  nitrogen.     The  yield  of  crude  material  was  about  95  mg. 

The  filtrate  from  the  original  picric  acid  precipitation  (after  removal  of 
the  adenine  picrate)  produced  with  silver  nitrate  only  the  slightest  precipi- 
tate— about  the  amount  one  would  expect  from  a  solution  saturated  with 
adenine  picrate.  Adenine  formed,  therefore,  by  far  the  largest  part  of 
the  bound  purine  present  in  the  silver  precipitate,  if  not  its  entirety. 

These  data  seem  to  prove  that  the  gelatinous  silver  precipitate 
was  adenine  silver  and  its  appearance'  after  hydrolysis  in  sharp 
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contrast  to  its  absence  before  hydrolysis  proves  that  the  adenine 
was  bound. 

The  filtrate  from  the  first  silver  precipitate  was  treated  with 
HCl  to  remove  the  silver  and  was  then  found  to  give  strong 
orcinol  and  phloroglucin  reaction,  indicating  the  presence  of 
pentose. 

The  uranium  precipitate  from  another  sample  of  blood  was  treated  with 
30  cc.  of  5  per  cent  ammonium  acetate  and  then  with  250  cc.  of  10  per  cent 
ammonia  and  the  resulting  mixture  was  boiled  hard  and  filtered  through 
double  filters.  The  filtrate  was  evaporated  to  30  cc.  and  enough  ammonia 
was  added  to  make  the  solution  3  per  cent.  It  was  then  autoclaved  under 
pressure  at  150°  C.  for  2  hours.  If  nucleotides  were  present  they  should  be 
changed  to  nucleosides.  With  this  in  mind  the  cooled  solution  was  made 
barelj'  acid  with  acetic  acid  and  an  excess  of  neutral  lead  acetate  added  to 
remove  the  simple  phosphates  and  any  unchanged  nucleotide.  A  volum- 
inous precipitate  resulted  and  was  filtered  off.  This  precipitate  was 
insoluble  in  acetic  acid  and  was  presumably  lead  phosphate.  To  the  filtrate 
was  added,  drop  by  drop,  dilute  ammonia.  Nucleosides  are  precipitated 
by  lead  acetate  and  ammonia.  A  dense  flocculent  precipitate  resulted 
immediately.  This  was  washed  and  decomposed  with  hydrogen  sulfide. 
To  the  filtrate  from  the  lead  sulfide  was  added  enough  sulfuric  acid  to 
make  a  5  per  cent  solution  and  the  mixture  heated  on  a  steam  bath  for 
2  hours.  It  was  then  cooled,  made  alkaline  with  ammonia,  and  treated  with 
silver  nitrate  in  ammonia.  A  dense  gelatinous  precipitate  was  formed 
which  was  washed  with  water  and  decomposed  with  hydrogen  sulfide.  The 
filtrate  was  treated  as  outlined  above  with  picric  acid.  A  crystalline 
precipitate  was  formed  which  proved  to  be  adenine  picrate  identical  with 
that  produced  in  the  first  experiment. 

Adenine  picrate  had  thus  been  recovered  first  by  acid  hydrolysis 
of  the  uranium  precipitate  and  second  by  acid  hydrolysis  of  the 
alkaline  lead  salt  obtained  after  alkali  hydrolysis  of  an  ammoniacal 
extract  of  the  same  uranium  salt. 

A  strong  pentose  reaction  was  found  in  the  filtrate  from  the 
silver  precipitate  just  as  in  the  first  experiment. 

This  train  of  reactions  is  one  that  would  be  given  by  adenine 
nucleotide.  Adenine  nucleotide  is  liberated  somewhat  imper- 
fectly by  ammonia  from  its  uranium  salt.  On  alkali  hydrolysis 
under  pressure  at  150'^C.  it  would  be  transformed  into  adenine 
nucleoside.  The  addition  of  lead  acetate  in  slightly  acid  solution 
would  remove  all  the  simple  phosphates  and  any  undecomposed 
nucleotide,  while  the  nucleoside  would  pass  into  the  filtrate  and 
be  thrown  down  by  lead  in  alkaline  solution. 
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It  can  readily  be  shown  that  under  the  conditions  of  the  experi- 
ment neither  adenine  nor  adenine  nucleoside  are  precipitated  by 
uranium  nitrate,  while  adenine  nucleotide  is  quantitatively 
removed.  Therefore,  the  finding  of  bound  adenine  and  a  pentose 
reaction  in  the  uranium  precipitate  indicates  strongly  that  the 
adenine  was  present  originally  as  nucleotide.  This  position  is 
further  strengthened  when  the  alkaline  extract  of  the  precipitate 
yields  after  hydroh^sis  under  pressure  a  substance  precipitating 
with  alkaline  lead  onl}^  and  when  adenine  is  recovered  from  this 
second  substance  (presumably  the  corresponding  nucleoside)  on 
acid  hydrolysis.  Indeed  this  conclusion  seems  fairly  clear  unless 
we  postulate  the  existence  of  adenine  bound  in  some  form  other 
than  nucleoside  or  nucleotide. 

If  this  be  the  case — ^if  indeed  the  uranium  precipitate  does 
contain  adenine  nucleotide — it  should  be  possible  to  demonstrate 
not  only  bound  adenine  but  also  bound  phosphate.  With  this 
end  in  view  the  following  experiment  was  undertaken. 

50  cc.  of  normal  blood  were  precipitated  with  picric  acid  as  described 
above.  Two  50  cc.  portions  of  the  filtrate  (representing  10  cc.  of  blood  each) 
were  treated  separately  with  uranium  nitrate  and  the  precipitates  cen- 
trifuged  down  in  two  15  cc.  tubes.  To  one  precipitate  were  added  10  cc. 
of  7  per  cent  (volume)  sulfuric  acid  and  the  mi.xture  was  stirred  until  clear. 
The  tube  with  its  contents  was  then  heated  in  a  steam  bath  for  2  hours.  A 
small  funnel  in  the  mouth  of  the  tube  prevented  any  serious  loss  of  water. 
The  solution  was  then  cooled  to  room  temperature.  10  cc.  of  7  per  cent 
cold  sulfuric  acid  were  then  added  to  the  other  precipitate  and  stirred  until 
solution  was  complete.  The  two  acid  solutions  (hydrolyzed  and  unhydro- 
lyzed)  were  then  transferred  quantitatively  to  two  50  cc.  volumetric  flasks 
and  to  each  were  added  in  succession  10  cc.  of  molybdate  solution,'  1  cc. 
of  0.5  per  cent  hydroquinone,  and  1.0  cc.  of  20  per  cent  sodium  sulfite.  The 
flasks  were  allowed  to  stand  for  |  hour.  The  method  here  used  is  essentially 
the  blood  phosphate  method  of  Bell  and  Doisy  as  modified  by  Briggs  (6) 
with  such  changes  as  are  necessary  for  this  particular  e.xperiment.  At 
the  end  of  half  an  hour  the  unhydrolyzed  sample  showed  a  rather  pale  blue- 
green  color,  while  the  hydrolyzed  sample  was  deep  blue  with  a  greenish 
tinge.  The  increase  in  color  developed  in  the  hydrolyzed  sample  cor- 
responded to  about  0.2  mg.  of  phosphorus.  It  would  be  impossible  to 
estimate  by  this  method  the  exact   amount   of  free  phosphate    in   the 

*  4.8  gm.  of  ammonium  molybdate  are  dissolved  in  60  cc.  of  water.  To 
this  solution  are  added  40  cc.  of  water  containing  7.6  cc.  of  concentrated 
sulfuric  acid. 
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two  samples  owing  to  the  variable  amount  of  yellow  color  mixed 
with  the  blue  (due  to  small  amounts  of  uranium  salts  and  traces  of  picric 
acid),  but  the  difference  between  the  hydrolyzed  and  the  unhydrolyzed 
sample  was  very  striking  and  there  is  no  doubt  that  fully  half  the  total 
phosphorus  present  is  bound,  and  is  liberated  only  by  acid  hydrolysis. 
Normal  blood  contains,  as  mentioned  below,  approximately  20  mg.  of 
adenine  nucleotide  (containing  about  2  mg.  of  phosphorus)  per  100  cc.  and 
the  amount  of  phosphorus  liberated  by  acid  hydrolysis  in  the  above  experi- 
ment corresponds  roughly  to  the  nucleotide  content  as  determined  by 
digestion  and  nesslerization  of  the  uranium  precipitate  as  outlined  below. 

The  presence  of  bound  phosphate  in  the  uranium  precipitate  in 
amounts  roughly  corresponding  to  the  presumptive  nucleotide 
content  would  seem  to  be  further  evidence  of  the  actual  existence 
of  adenine  nucleotide. 

Method. 

The  following  method  may  be  used  for  the  determination  of 
adenine  nucleotide  in  blood. 

TABLE  I. 
Recovery  of  Nticleotide  Added  to  Blood  Filtrate. 


Specimen  No. 

Nucleotide  N 
in  100  cc.  blood. 

Nucleotide  N 
added  per  100  cc. 

Total  amount 
present. 

Total  amount 
found. 

mg. 

mg. 

mg. 

mg. 

1 

4.2 

8.0 

12.2 

12.1 

2 

4.0 

8.0 

12.0 

11.9 

3 

5.0 

23.3 

28.3 

27.8 

Pipette  30  cc.  of  the  tungstic  acid  protein-free  blood  filtrate  of 
Folin  and  Wu  (5)  into  a  50  cc.  pointed  centrifuge  tube.  Add  0.5 
cc.  of  20  per  cent  uranyl  nitrate  solution  and  stir  well.  Centri- 
fuge. Decant  the  supernatant  liquid ;  run  in  another  30  cc.  sample 
of  the  blood  filtrate  and  treat  this  with  uranium  nitrate  as  before. 
Centrifuge,  decant  the  supernatant  liquid  as  completely  as  possible. 
Wash  the  precipitate  twice  with  5  cc.  of  0.4  per  cent  sodium  chlo- 
ride in  water.  Now  treat  the  precipitate  with  0.5  cc.  of  4  per  cent 
sodium  hydroxide  and  stir  very  thoroughly.  Then  add  about  7  cc. 
of  water,  stir  again,  and  centrifuge  for  10  minutes.  Decant  the 
supernatant  liquid  into  a  50  cc.  digestion  tube,  digest,  and  nessler- 
ize  just  as  for  non-protein  nitrogen,  according  to  Folin  and  Wu. 
The  same  standard  that  is  ordinarily  used  for  non-protein  nitro- 
gen generally  serves  here  (5) . 
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Blanks  containing  urea,  uric  acid,  amino-acids,  creatinine, 
adenine,  guanine,  phosphates,  and  all  the  reagents  used  were 
negative. 

Normal  whole  blood  contains,  as  far  as  our  limited  experiments 
have  gone,  from  15  to  25  mg.  of  adenine  nucleotide  per  100  cc. 
Adenine  nucleotide  contains  approximately  20  per  cent  nitrogen. 

TABLE  It. 


Specimen  No. 

Xucieotide  N  per  100  cc. 

mg. 

1 

3.0 

2 

4.2 

3 

3.5 

4 

5.0 

5 

3.8 

CONCLUSIONS. 

Evidence  is  presented  to  show  that  adenine  nucleotide  exists 
in  human  blood  in  appreciable  quantities,  and  a  simple  method  is 
described  whereby  this  portion  of  the  undetermined  nitrogen  may 
convenient!}'  be  determined. 

"While  it  seems  certain  that  adenine  nucleotide  is  b}^  far  the 
largest  representative  of  this  class  in  blood,  it  is  not  improbable 
that  nucleotides  of  the  other  purines  are  also  present  in  small 
amounts.  ' 

It  is  suggested  that  the  adenine  nucleotide  content  of  blood' 
accounts  for  a  considerable  part  of  the  undetermined  nitrogen. 

The  work  is  being  continued  at  the  Thorndike  Memorial  Labora- 
tory of  the  Boston  City  Hospital.  j 
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A  COLOR  TEST  FOR  WATER-SOLUBLE  B. 
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Notwithstanding  a  considerable  number  of  efforts  to  obtain 
some  information  concerning  the  chemical  nature  of  the  vi- 
tamin B,  our  knowledge  of  this  substance  is  still  very  meager. 
Several  efforts  to  isolate  it  as  an  individual  compound  have 
failed  (1).  During  the  progress  of  the  operations  directed  to- 
ward purifying  material  there  is  invariably  a  loss  in  the  phj^sio- 
logical  properties  of  the  material  under  investigation. 

Further  experimental  studies  of  vitamins  would  be  greatly 
facilitated  if  it  were  possible  to  employ  a  chemical  test  for  each 
of  them.  Up  to  the  present  time  the  only  method  of  testing  a 
preparation  made  for  the  purpose  of  isolating  and  identifying, 
or  for  studying  the  properties  of  a  vitamin,  is  to  feed  some  of  the 
material  to  an  animal  which  is  confined  to  a  diet  adequate  in 
all  other  respects  but  lacking  in  the  vitamin  in  question.  Judg- 
ment as  to  whether  the  substance  is  present  or  absent  turns  on 
the  failure  of  the  animal  to  grow  or  to  respond  with  a  disap- 
pearance of  the  symptoms  characteristic  of  the  lack  of  the  vi- 
tamin. This  method  is  both  time-consuming  and  wasteful  of 
material,  and  has  the  further  disadvantage  that  the  preparation 
under  study  may  change  during  the  interval  necessary  for  the 
feeding  experiment.  This  applies  especially  to  experimental 
work  involving  growth  with  rats,  guinea  pigs,  or  other  animals. 
I  have  attempted  to  find  a  specific  chemical  test  for  the  vitamin 
B.  The  observations  made  during  the  pursuit  of  this  inquiry 
have  thrown  some  light  on  the  possible  nature  of  this  substance, 
at  least  they  have  ruled  out  certain  chemical  types  as  possibly 
related  to  this  substance.  The  plan  of  the  present  investiga- 
tion may  be  formulated  as  follows: 
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Extracts  were  made  with  various  solvents  from  several  kinds 
of  vegetable  foodstiiffs  which  were  botanically  unrelated,  but 
which  were  known  to  contain  the  vitamin  B.  Thus,  wheat 
embryo,  navy  beans,  spinach,  and  carrots,  represent  a  cereal 
germ,  a  legume  seed,  a  leaf,  and  a  fleshy  root,  all  of  Avhich  contain 
from  moderate  to  abundant  contents  of  this  vitamin.  It  was 
reasoned  that  color  reactions  whicli  might  be  applied  to  these 
extracts  and  be  positive  in  all  could  provisionally  be  regarded 
as  being  given  by  the  vitamin  rather  than  by  some  other  sub- 
stance, since  it  is  hardly  to  be  expected  that  these  several  un- 
related vegetable  materials  would  furnish  extracts  containing 
the  same  list  of  those  chemical  substances  present  in  small 
amounts  which  are  more  or  less  characteristic  of  individual 
species  of  plants. 

As  a  means  of  controlling  the  study,  extracts  were  likewise 
made  from  these  same  foods  rich  in  the  vitamin  B,  but  using 
several  solvents  which  have  been  shown  by  McCollum  and 
Simmonds  (2)  in  experiments  controlled  by  feeding  tests  on  the 
rat  not  to  possess  the  power  of  dissolving  out  the  vitamin  B. 
As  a  further  means  of  avoiding  error  in  attributing  positive  color 
reactions  of  any  type  observed  to  the  vitamin  B,  extracts  were 
prepared  in  a  similar  manner  to  those  just  mentioned  from 
polished  rice,  white  wheat  flour,  and  beefsteak,  using  both  sol- 
vents which  do  and  do  not  dissolve  the  vitamin  B. 

It  seems  certain  that  any  color  test  which  is  always  positive  in 
an}'  extract  made  from  a  food  known  to  contain  the  vitamin  B, 
where  the  preparation  was  made  by  a  solvent  which  extracts 
this  substance  but  is  not  given  by  extracts  of  the  same  foods 
made  with  solvents  which  do  not  extract  the  vitamin,  is  worthy 
of  the  most  careful  consideration.  Wlien,  furthermore,  such 
a  test  proves  negative  when  applied  to  several  extracts  made 
with  solvents  for  vitamin  B  from  food  substances  of  a  complex 
nature,  such  as  polished  rice  or  wheat  flour,  which  experience 
has  shown  to  be  essentially  lacking  in  the  vitamin  B,  interest 
in  the  test  is  greatly  enhanced. 

Preparation  of  Material  for  Testing. 

The  system  of  purification  of  the  original  extracts  of  rice 
polishings,  wheat  germ,  and  navy  beans,  was  based  on  the  method 
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described  by  McCollum  and  Simmonds  (2);  i.e.,  of  using  dif- 
ferent solvents  in  succession.  Each  stage  of  the  purification 
in  each  case  was  tested  with  a  great  number  of  reactions. 

In  the  case  of  rice  polishings  and  wheat  germ  the  method  of 
preHminary  purification  of  the  extracts  was  the  same.  Finely 
divided  material  was  digested  for  4  days  with  ten  times  its  weight 
of  a  50  per  cent  water-alcohol  solution  at  room  temperature.  The 
mixture  was  then  heated  on  a  water  bath  to  incipient  boiling, 
cooled,  and  the  solution  filtered  off.  The  extract  from  100  gm. 
of  material  was  acidified  with  8  cc.  of  10  per  cent  acetic  acid  and 
again  heated  to  boiling,  cooled,  and  filtered.  The  filtrate  was 
evaporated  nearly  to  dryness  under  reduced  pressure,  and  the 
residue  dried  over  solid  sodium  hydroxide  in  vacuo.  The  residue 
thus  obtained  was  extracted  in  a  Soxhlet  apparatus  with  ether 
and  subsequently  with  absolute  alcohol  for  24  hours.  The 
resultmg  preparation  from  rice  polishings  was  dissolved  in 
slightly  acidified  water  and  subjected  to  further  treatment  so 
that  the  following  preparations  resulted: 

Preparation    1 The  acidified  solution  mentioned  above. 

"  2 Preparation  1  was  alkalinized  and  shaken  out 

several  times  with  chloroform. 

Preparation    3 Preparation  1  was  shaken  with  fullers'  earth,  10 

gm.  for  each  100  gm.  of  rice  polishings.  The 
fullers'  earth  was  filtered  off,  washed  once 
with  water,  and  once  with  alcohol. 

Preparation   4 Preparation  1  was  evaporated  on  sand  in  vacuo, 

and  extracted  12  hours  with  hot  benzene. 

Preparation   5 Preparation    1    was  evaporated  on  sand,   and 

extracted  cold  with  glacial  acetic  acid. 

From  wheat  germ  the  following  preparations  were  made. 

Preparation    6 Acidified    water    solution  made  in  a  manner 

analogous  to  Preparation  1. 
Preparation   7 Preparation    6   was  shaken  out  several  times 

with  a  mixture  of  90  per  cent  chloroform  and 

10  per  cent  of  95  per  cent  alcohol  by  volume. 
Preparation  8 Preparation  6  was  evaporated  on  sand  in  vacuo 

and  extracted  three  times  during  12  hours 

with  hot  benzene. 
Preparation   9 Preparation    6    was    evaporated   on   sand   in 

vacuo  and  extracted  with  cold  glacial  acetic 

acid. 
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The  navy  bean  powder  was  subjected  to  another  kind  of  treat- 
ment which  was  shown  by  McCollum  and  Simmonds  (2)  to  be 
vcrj'-  efficient  in  extracting  the  vitamin  B.  The  bean  powder 
was  extracted  with  ether,  then  with  absolute  alcohol,  and  sub- 
sequently three  times  for  6  hours  with  90  per  cent  alcohol,  which 
latter  solvent  extracts  considerable  amounts  of  the  vitamin  B. 

Preparation  10 The  90  per  cent  alcoholic  extract  (Preparation 

9)  was  evaporated  in  vacuo  and  taken  up  in 
slighty  acidified  water. 

Preparation  11 Another  portion  of  the  90  per  cent  alcoholic 

extract  was  evaporated  on  sand  under 
diminished  pressure,  and  extracted  6  hours 
with  hot  benzene. 

From  all  the  above  preparations  the  organic  solvent  was  dis- 
tilled off  in  vacuo  and  the  residue  redissolved  in  water. 

Extracts  were  prepared  from  tomatoes,  spinach,  carrots, 
polished  rice,  and  white  flour,  using  50  per  cent  alcohol.  These 
extracts  were  employed  for  various  tests  without  further  purifica- 
tion. An  extract  with  50  per  cent  alcohol  was  prepared  from  beef- 
steak (round)  which  had  been  steamed  in  a  pressure  cooker,  subse- 
quently dried,  and  powdered.  This  extract  was  acidified  with 
acetic  acid  and  boiled  to  precipitate  foreign  materials  as  much 
as  possible. 

Feeding  tests  on  young  rats  showed  that  Preparations  3,  4,  5, 
and  8  contained  the  vitamin  B.  The  results  of  these  tests 
are  illustrated  in  Chart  1,  Periods  3  and  5;  and  Chart  2,  Periods 
2  and  3.  These  preparations  were  obtained  from  Preparations 
1  and  6,  which  show  these  to  be  similarly  active.  Preparation 
9  was  made  in  a  manner  similar  to  Preparation  5,  and  must  there- 
fore also  be  active,  since  glacial  acetic  acid  is  known  to  be  a  good 
solvent  for  the  vitamin  B  (3).  Preparations  2  and  7  were  found 
to  be  inactive  (see  Chart  1,  Period  2;  Chart  2,  Period  5). 

Chemical  Investigation  of  the  Preparations  Described. 

From  the  numerous  chemical  tests  applied  to  these  prepara- 
tions the  following  conclusions  can  be  drawn.  The  active  prin- 
ciple (vitamin  B)  cannot  be  a  phenol,  since  several  of  the  active 
preparations  failed  to  give  phenol  reactions  (Millon's  reaction, 
Liebermann's  reaction,  etc.). 
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Primary,  secondary,  and  tertiary  amine  reactions  were  simi- 
larly negative.  The  highly  purified  preparations  were  free  from 
peptones  or  higher  protein  derivatives,  since  the  biuret  reaction 
was  negative. 

With  ninhydrin  these  preparations  developed  a  red  and  not  a 
blue  color,  which  latter  color  is  given  by  amino-acids. 

Sugar  tests  on  all  active  preparations  were  positive. 

A  positive  test  was  always  secured  with  the  Folin-MacCallum 
reagent,  but  the  intensity  of  the  test  diminished  with  increased 
purification. 

The  diazo  reaction  alwaj^s  yielded  a  brownish  red  color. 

Every  preparation  known  to  contain  the  vitamin  B  gave  a 
white  precipitate  with  Millon's  reagent. 

All  highh'  purified  preparations  containing  little  sugar  after- 
drying  were  soluble  in  concentrated  sulfuric  acid  with  a  yellow 
color,  which  is  about  2  hours  developed  into  a  pronounced  rose 
color.  The  test  was  made  in  a  porcelain  dish  and  the  rose  tint 
appeared  first  on  the  periphery.  After  standing  12  hours  the 
color  disappeared  and  a  brownish  cr\'stalline  precipitate  formed. 
The  same  substances  dissolved  in  Frohde's  reagent  with  a  brown 
color,  which  changed  to  a  vivid  green  beginning  at  the  peripher3^ 

The  color  reaction  described  with  sulfuric  acid  was  alwaj'S 
given  b}'  the  preparations  known  to  contain  the  vitamin  B,  but  is 
likewise  given  by  extracts  of  certain  foods,  made  with  absolute 
alcohol  which  is  not  a  solvent  for  the  vitamii.  The  test  is, 
therefore,  not  specific  for  vitamin  B. 

The  following  test,  however,  has  proven  positive  in  all  cases 
where  the  vitamin  B  was  present,  and  always  negative  in  prep- 
arations where  it  was  judged  to  be  absent,  either  as  a  result  of 
feeding  tests  or  because  they  were  made  with  solvents  which  do 
not  extract  the  vitamin  B. 

Abderhalden  and  coworkers  (4)  and  Hess  (5)  have  recently 
published  results  which  indicate  that  tissues  from  different  or- 
gans and  muscles  possess  distinctly  greater  oxygen  absorption 
capacity  when  derived  from  pigeons  supplied  with  the  vitamin  B 
than  do  corresponding  tissues  from  pigeons  fed  on  polished  rice 
as  the  sole  food.  These  investigators  also  found  that  after  add- 
ing solutions  containing  the  vitamin  B  to  the  tissue  preparations 
of  pol5meuritic  pigeons  there  was  an  increased  oxygen  absorption 
capacity. 
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These  observations  suggested  the  desirabihty  of  applying  a 
test  for  the  vitamin  B  which  would  involve  reduction.  Tests 
could  not  be  made  in  alkaline  medium  because  of  the  presence  of 
carbohydrates  in  the  preparations,  antl  in  neutral  solutions  could 

TABLE  I. 

Summary  of  the  Results  of  Tests  with  Ferric  Ferricyanide. 


Tested  material. 


Rice  polishings,  50  per  cent  alcoholic  extract. 
"  "  absolute  alcoholic  extract. . . , 

"  "  ether  extract , 

"  "  acetone  extract , 

"  "  benzene       "       

Preparation  1  from  rice  polishings 


boiled  with  5  per  cent  NaOH 


boiled  with  5  per  cent  NaOH 
boiled  with  5  per  cent  NaOH 


Wheat  germ,  50  per  cent  alcoholic  extract 

"  "       absolute  alcoholic  extract 

"  "       ether  extract 

Preparation    6  from  wheat  germ 

6    "  "  "      boiled  with  5  per  cent  NaOH. 


9 


10 

l{ 

navy  bean 

10 

« 

a             ic 

11 

« 

U                 (I 

boiled  with  5  per  cent  NaOH. 
boiled  with  5  per  cent  NaOH  . 


Spinach,  50  per  cent  alcoholic  extract 

Carrot,    50     "       "  "  "        

Polished  rice,  50  per  cent  alcoholic  extract. 
White  flour,     50    "      " 
Beefsteak,       50    "      " 


Results. 


+ 


+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 
+ 


not  be  relied  upon  to  give  a  decisive  test  of  this  property.  Ac- 
cordingly I  adopted  as  a  reagent  a  solution  of  ferric  chloride  and 
potassium  ferricyanide  in  gram  molecular  ratios;  i.e.,  ferric 
ferricyanide  used  in  acid  media. 

Brouardel  and  Boutmy  described  in  1881  (G)  the  formation  of  a 
blue  color  by  the  reduction  of  ferric  ferricyanide  as  a  specific 
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reagent  for  ptomaines  in  contrast  with  alkaloids.  Tanret  (7) 
and  Beckurts  (8)  have  shown  that  some  of  the  alkaloids  and 
glycosides  are  able  to  bring  about  the  same  reaction.  I  have 
tested  a  considerable  number  of  different  solutions  containing 
the  vitamin  B  (see  Table  1)  and  found  these  invariably  to  possess 
reducing  power  for  the  ferric  ferricyanide.  On  the  other  hand, 
the  reduction  test  with  this  reagent  has  invariably  been  negative 
when  carried  out  with  solutions  known  not  to  contain  this  active 
principle.  Sugars  and  amino-acids  have  not  produced  a  color 
change.  Extracts  of  polished  rice,  white  flour,  and  beefsteak 
produced  a  more  or  less  vivid  green  color,  and  sometimes  a  pre- 
cipitate of  a  dirty  greenish  color  which  was,  however,  very  easy 
to  distinguish  from  the  blue  color  developed  by  the  preparations 
active  in  that  they  contain  the  vitamin  B.  Solutions  containing 
the  vitamin  B  when  boiled  for  a  prolonged  period  with  the  addi- 
tion of  sodium  hydroxide  to  make  a  concentration  of  5  per  cent 
no  longer  bring  about  the  formation  of  a  blue  product.  Instead 
there  is  formed  a  green  color  similar  to  that  of  extracts  free  from 
the  vitamin  B. 

The  color  reaction  for  the  vitamin  B  is  carried  out  as  follows: 
To  the  concentrated  aqueous  solution  of  the  preparation  in  ques- 
tion acetic  acid  is  added  to  make  the  concentration  about  2  per 
cent.  The  reagent  is  freshly  prepared  by  mixing  equal  volumes 
of  tenth  molar  ferric  chloride  and  potassium  ferricyanide  solu- 
tions. The  reagent  is  added  as  long  as  the  depth  of  the  blue 
color  increases.  The  test-tube  containing  the  mixture  is  stop- 
pered and  allowed  to  stand  10  minutes,  when  the  color  is  ob- 
served. 1  to  5  volumes  of  distilled  water  are  added  to  reach  a  con- 
venient dilution  and  the  color  is  again  observed.  If  there  is 
not  a  distinct  blue  color,  or  after  standing  for  sometime  a  bright 
blue  precipitate,  the  test  is  negative. 

SUMMARY. 

1.  A  systematic  series  of  extracts  are  described,  some  of  which 
were  made  from  foods  containing  the  vitamin  B,  others  free  from 
that  substance.  The  list  of  extracts  includes  those  which  dis- 
solve the  vitamin  B,  like  water,  dilute  alcohol,  and  glacial  acetic 
acid;  also  extracts  with  organic  solvents  which  do  not  extract 
that  substance. 


138  Color  Test  for  Water-Soluble  B 

2.  Certain  choniical  reactions  common  to  all  the  preparations 
containing  the  vitamin  B  are  described. 

3.  A  reduction  of  ferric  ferricyanide  with  the  formation  of  a 
blue  color  was  found  to  be  a  reaction  always  given  by  extracts 
containing  the  vitamin  B. 

4.  In  no  instance  was  this  reaction  given  by  an  extract  of  a 
food  containing  the  vitamin  B  when  the  solvent  used  was  one 
which  does  not  extract  that  substance. 

5.  This  test  was  in  no  instance  given  by  an  extract  of  a  food 
which  does  not  contain  the  vitamin  B,  although  the  solvents 
used  extract  this  principle  W'hen  present.  Such  solvents  are 
water,  dilute  alcohol,  and  glacial  acetic  acid. 

6.  The  plan  of  these  experiments,  involving  as  it  did  a  care- 
fully selected  list  of  foods  and  solvents,  strongly  suggests  that  the 
substance  which  reduces  ferric  ferricyanide  under  the  conditions 
described  is  the  vitamin  B. 

7.  Phenols,  amino-acids,  and  most  alkaloids  seem  to  be  ex- 
cluded as  substances  giving  the  reaction  for  this  vitamin. 

The  work  was  suggested  by  Prof.  E.  V.  McCollum,  and  the 
author  washes  to  express  his  thanks  to  him  and  to  Miss  Nina 
Simmonds  for  their  advice  and  helpful  suggestions  during  the 
course  of  this  investigation. 
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CHANGES  IN  THE  PROTEINS  AND  THE  GELATIFICATION 
OF  FORMALIZED  BLOOD  SERUM. 

By  R.  R.  HENLEY. 

{From  the  Biochemic  Division,  Bureau  of  Animal  Industry,   United  States 
Department  of  Agriculture,  Washington.) 

(Received  for  publication,  June  20,  1923.) 

It  is  well  known  that  a  sufficient  proportion  of  formaldehyde 
reacts  with  proteins  to  form  gels.  Blum  (1)  found  that  a  small 
proportion  of  formaldehyde  prevented  the  coagulation  of  al- 
bumins by  heat  and  called  these  non-coagulable  albumins  ''me- 
thylene-albumins.''  SchifT  (2)  and  Schwarz  (3)  believe  that 
the  aldehyde  radical  combines  with  the  NH2  group,  and  thus, 
by  converting  proteins  into  acids,  denatures  them.  Sorensen's 
(4)  method  of  titrating  amino-acids  is  based  upon  the  fact  that 
when  formaldehyde  in  excess  is  added  to  amino-acids,  the  NH2 
groups  are  fixed  as  methylene  groups,  thus  permitting  the  free 
COOH  groups  to  be  titrated.  In  order  to  insure  the  conversion 
of  all  the  NH2  groups  to  methylene  groups,  it  is  necessary  to  use 
an  excess  of  formaldehyde,  as  Sorensen  (4)  and  de  Jager  (5) 
have  shown  that  the  reaction  between  formaldehyde  and  the 
amino  group  is  reversible.  But  in  the  literature  on  the  structure 
and  other  physicochemical  properties  of  gels,  including  gels  of  pro- 
teins with  formaldehyde,  no  information  has  been  found  con- 
cerning the  successive  changes  that  the  individual  proteins  un- 
dergo after  treatment  with  formaldehyde. 

While  the  present  investigation  was  in  progress  Gate  and 
Papacostas  (6)  reported  that  luetic  serum  treated  with  formal- 
dehyde gelled  while  non-leutic  serum  did  not.  This  reaction 
was  termed  the  formol-gel  test  and  was  offered  as  a  substitute 
for  the  Wassermann  test.  Later,  Nicolas  (7)  showed  that  this 
reaction  was  given  by  the  normal  serum  of  cattle  and  horses 
and  also  by  solutions  of  fibrinogen.  Recently,  Armangue  and 
Gonzales  (8)  found  that  serums  which  gave  a  positive  reaction 
to  this  test  would,  if  previously  diluted  with  6  or  more  parts  of 
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water,  give  a  negative  reaction,  and  conversely,  that  serums 
originally  yielding  a  negative  reaction  could,  by  concentration, 
be  made  to  afford  a  positive  reaction.  From  this  the}^  conclude 
that  a  positive  formol  reaction  is  not  due  to  a  specific  substance 
in  luetic  serum,  but  to  a  relative  increase  in  the  normal  constitu- 
ents, possibly  the  globulins.  Holborow  (9)  believes  that  the 
formation  of  gels  is  due  to  the  action  of  formaldehyde  upon  serum 
globulins  or  serum  albumins,  or  both,  and  considers  it  probable 
that  acid  proteins  form  gels  with  formaldehyde  while  alkali 
proteins  do  not. 

TABLE  I. 
Changes  in  the  Precipitation  Limits  of  the  Globulins  in  Formalized  Hog 

Blood   Serum. 


Time  of  contact  with 
formaldehyde. 


|hr.. 
2  wks. 
4     " 
6     " 
8     " 
11     " 


Globulins. 


No 

formaldehyde. 


E.G.  P.  G.T.  G. 


1.32 


1.45 


1.42 


3.08 


3.27 


3.33 


4. '40 


4.72 


4.75 


0.09  per  cent 
formaldehyde. 


E.G.  P.  G.T.  G. 


gm. 

1.37 
2.20 
3.18 
4.00 


3.164.53 
3.335.53 
2.72  5.90 


0.18  per  cent 
formaldehyde. 


E.  G.  P.  G.  T.  G 


1.43  3.13 

3.282.85 
4.05|2.46 


2.69l6.69|4.74i2.32 


gm. 
4.56 
6.13 
6.51 
7.06 


4.05  2. 75]6. 80  4.831 
4.08  2.70^6.78    Solid  gel. 


0.37  per  cent 
formaldehyde. 


E.  G.  P.  G.  T.  G 


gm. 
1.68 
4.50 


gm. 
3.20 
2.17 


67 


Solid  gel. 


*  Results  are  stated  in  gm.  per  100  cc.  of  serum. 
P.G.  =  pseudoglobulins;  T.G.  =  E.G.  +  P.G. 


E.G.  =  euglobulins; 


EXPERIMENTAL. 

Banzhaf  (10),  Berg  (11),  and  Homer  (12)  have  shown  that 
the  amount  of  protein  in  serum  which  is  precipitable  by  one- 
third  saturation  with  ammonium  sulfate  is  increased  when  the 
serum  is  heated  to  60°C.  for  \  hour.  In  the  present  work  it 
was  decided  to  determine  first  whether  the  addition  of  formal- 
dehyde to  serum  would  cause  changes  in  the  precipitation  limits 
of  serum  proteins  similar  to  those  brought  about  by  heat. 

Experiment  1 . — A  clear  serum,  obtained  from  healthy  hogs,  was  divided 
into  four  lots,  to  one  of  which  no  formaldehyde  was  added,  while  to  the 
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three  remaining  lots  formaldehyde  in  water  solution'  was  added,  so  that 
they  contained  0.09,  0.18,  and  0.37  per  cent  formaldehyde,  respectively. 
The  portion  of  serum  to  which  no  formaldehyde  was  added  was  frozen  and 
kept  frozen  except  during  the  time  necessary  for  the  removal  of  samples 
for  analysis.  The  serums  containing  formaldehyde  were  kept  on  the  labora- 
tory table. 

Samples  for  analysis  were  taken  immediately  after  the  addition  of  for- 
maldehyde and  subsequently  at  intervals  of  2  weeks  until  the  end  of  the 
experiment.  The  determinations  of  euglobulins  and  pseudoglobulins  were 
made  by  Method  2  of  Henley  (13)  and  checked  frequently  by  the  method  of 
Cullen  and  Van  Slyke  (14).  All  determinations  in  this  and  subsequent 
tests  were  made  in  duplicate,  and  the  duplicates,  except  in  a  few  cases, 
checked  within  0.1  per  cent.     The  results  are  shown  in  Table  I. 

In  this  and  subsequent  tables  and  discussions  the  term  euglobulin  is 
used  to  designate  the  material  insoluble  in  one-third  saturated  solutions 
of  ammonium  sulfate  (2  parts  of  serum  to  1  part  of  a  saturated  ammonium 
sulfate  solution),  and  the  term  pseudoglobulin  is  used  to  refer  to  the  protein 
which  is  soluble  in  one-third  saturated  but  insoluble  in  one-half  saturated 
solutions  of  ammonium  sulfate.  The  term  albumin  when  used  designates 
the  protein  determined  by  the  difference  between  the  total  proteins  (N  X 
6.25)  and  the  total  globulins.  Thus,  the  non-protein  nitrogen  present  is 
shown  as  albumins.  There  is  no  intention  of  raising  the  question  of 
whether  the  several  fractions  of  the  formalized  serums  are  identical  with 
similar  fractions  of  normal  serum. 

The  euglobulin  and  pseudoglobulin  in  the  untreated  frozen 
sample  of  serum  remained  practically  unchanged  during  the 
experimental  period,  while  in  all  the  samples  of  serum  to  which 
formaldehyde  was  added  the  euglobulin  greatly  increased  and 
at  the  same  time  the  pseudoglobulin  decreased.  The  speed  of 
the  reaction  which  results  in  the  production  of  proteins  insoluble 
in  one-third  saturated  ammonium  sulfate  from  the  more  soluble 
fractions  appears  to  depend  upon  the  concentration  of  formalde- 
hyde present  as  shown  bj^  the  time  required  for  the  euglobulins 
to  reach  a  concentration  of  4.00  gm.  per  100  cc;  thus,  6  weeks 
were  required  for  the  serum  containing  0.09  per  cent  formalde- 
hyde, 4  weeks  for  that  containing  0.18  per  cent  formaldelwde, 
and  less  than  2  weeks  for  that  containing  0.37  per  cent  formalde- 
hyde to  attain  that  concentration  of  the  euglobulins.  The  time 
required  for  gelatification  to  take  place  also  varied  with  the 

'  The  formaldehyde  used  in  this  and  subsequent  tests  was  added  in  the 
form  of  a  solution  containing  37.34  per  cent  formaldehyde  and  neutral  to 
phenolphthalein. 
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concentration  of  formaldehyde,  as  is  sliowu  by  the  fact  that  the 
serum  containing  0.37  per  cent  formaldehyde  gelled  in  less  than 
2  weeks,  while  the  serum  containing  0.18  per  cent  formaldehyde 
gelled  between  the  8th  and  11th  week,  and  the  serum  with  only 
0.09  per  cent  never  reached  that  condition. 

The  decrease  in  pseudoglobulins  observed  in  Experiment  1 
was  wholly  inadequate  to  account  for  the  increase  in  euglobulins, 
for  the  total  globulins  of  the  formalized  serum  increased  by  2.5 
gm.  ]ier  100  cc.  of  the  serum  during  the  experiment. 

TABLE  II. 
Changes  in  the  Precipitation  Litnits  of  the  Proteins  of  Formalized  Hog  Blood 

Serum. 


Proteins.' 

Time  of  (ontaot 

with 
formaldehyde. 

No  formaldehyde. 

0.09  per  cent 
formaldehyde. 

0.18  per  cent 
formaldehyde. 

E.  G. 

P.  G. 

gm. 

3.43 
3.28 

Alb. 

E.  G. 

P.  G. 

Alb. 

E.  G. 

gm. 
2.78 
4.14 
So 

P.  G. 

Alb. 

ihr 

3    wks 

5     "      

8     "      

gm. 
1.27 

1.32 

gm. 
3.27 

3.37 

gm. 
1.56 

3.84 
3.74 

gm. 
3.33 

1.96 
2.23 

gm. 
3.08 

2.17 
2.00 

!jm. 

2.34 

2.54 

lid  gel 

gm. 
2.85 
1.29 

*  Results  are  stated  in  gm.  per  100  cc.  of  serum. 
P.G.  =  pseudoglobulins;  Alb.  =  albumins. 


E.G.  =  euglobulins; 


Experiment  2. — In  order  to  determine  whether  albumins  in  the  presence 
of  formaldehyde  undergo  changes  in  their  precipitation  limits,  the  pre- 
ceding test  was  repeated  using  two  portions  of  a  hog  blood  serum  to  which 
sufficient  formaldehyde  solution  was  added  to  make  the  formaldehyde 
content  0.09  and  0.18  per  cent,  respectively.  Globulins  were  determined 
as  before,  and  the  albumins  were  calculated  by  the  difference  between  the 
total  protein  present  (N  X  6.25)  and  the  total  globulin  found.  The  results 
are  shown  in  Table  II. 

Again,  the  frozen  serum  suffered  practically  no  change  in  the 
relative  proportion  of  its  protein  constituents  after  8  weeks, 
while  in  the  formalized  serums  the  albumin  as  well  as  the  pseudo- 
globulin  progressively  decreased  and  the  euglobulins  showed 
a  simultaneous  and  a  compensatory  increase. 

As  it  was  found  by  the  preceding  tests  that  in  the  serums  pre- 
served with  0.09  per  cent  formaldehyde  euglobulins  increased 
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in  6  weeks  to  about  4  per  cent  and  thereafter  remained  constant, 
the  question  was  presented  as  to  whether  this  hmitation  de- 
pended upon  the  absolute  amount  of  formaldehyde  present 
or  upon  its  concentration.  This  suggested  a  study  of  the  reaction 
in  diluted  serums  containing  formaldehyde  in  the  same  concen- 
tration as  in  the  previous  tests.  Furthermore,  it  could  not  be 
determined  from  the  results  shown  in  Tables  I  and  II  whether 
all  the  proteins  of  the  serums  which  contained  0.18  per  cent 
formaldehyde  or  more  were  converted  to  cuglobulins  before 
gelatification  occurred.  Had  the  determinations  of  euglobulins 
been  made  at  more  frequent  intervals,  the  extent  to  which  the 

TABLE  III. 
Changes  in  the  Precipitation  Limits  of  the  Proteins  of  Diluted,  Formalized 

Hog  Blood  Serum. 


Time  of  oontact  with 
formaldeliyde. 


hr.... 
days. 


15 

89 


Proteins. 


No 
formaldehyde. 


E.G.  P.  G.  Alb. 


gm.     gm.  \  gm 

0.77i2.60:3.56 
0.782.62  3.53 


0.18  per  cent 
formaldehyde. 


E.G. 


P.  G. 


Alb. 


gm.     gm.     gm 

0.832.533.57 
3.002.45  1.48 


0.37  per  cent 
formaldehyde. 


E.G.  P.  G.  Alb 


gm. 
0.77 
4.70 


gm. 
3.17 

1.48 


0.74  per  cent 
formaldehyde. 


E.  G.  P.  G.  Alb 


gm.     gm,.     gin 

2.992.752.51 
0.75  5.800.40 


4.85 
4.48 


gm. 

1.67 
0.73 


1.35  0.73  5.55  0.65  0.73  6.24  0.16  0.53 
1. 77I0. 68  6.25  0. 32  0.36'6. 60  0  00  0.33 


*  Results  are  stated  in  gm.  per  100  cc.  of  serum.  E.G.  =  euglobulins; 
P.G.  =  pseudoglobulins;  Alb.  =  albumins. 

t  All  samples  diluted  with  an  equal  volume  of  0.85  per  cent  NaCl  solution. 

transformation  of  proteins  progressed  before  gelatification  oc- 
curred might  have  been  demonstrated,  but,  since  dilution  tends 
to  prevent  gelatification,  it  was  hoped  that  the  study  of  the 
effects  of  formaldehyde  on  the  proteins  of  diluted  serums  would 
indicate  also  the  e.xtent  to  which  the  reaction  might  go. 

Experiment  3. — To  500  cc.  of  fresh,  clear  hog  blood  senun  were  added 
1,500  cc.  of  a  physiological  salt  solution  (0.85  per  cent  NaCl).  This  serum 
solution  was  divided  into  four  portions,  one  of  which  was  kept  frozen.  To 
the  other  three  portions  formaldehyde  solution  was  added  in  such  amounts 
that  they  contained  0.18,  0.37,  and  0.74  per  cent  formaldehyde,  respectively. 
To  each  of  these  formalized  serums  an  equal  volume  of  salt  solution  (0.85 
per  cent  NaCl)  was  added  on  the  15th  day,  thus  reducing  the  concentration 
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of  formaldehyde  by  one-half.  Portions  of  each  lot  were  taken  for  examina- 
tion on  the  1st,  Sth,  15th,  and  89th  days  of  the  experiment.  Unfortunately, 
however,  the  untreated  serum  could  not  be  kept  after  the  Sth  day,  so  that 
no  untreated  control  sample  was  available  after  that  time.  The  results 
are  shown  on  the  basis  of  gm.  of  protein  per  100  cc.  of  original  undiluted 
serum. 

During  the  course  of  Experiment  3,  all  the  formaldehyde- 
treated  serum  solutions  developed  a  slight  opalescence  which 
was  more  pronounced  in  those  which  contained  the  higher  per- 
centages of  formaldehyde.  The  euglobulin  precipitate  obtained 
on  the  Sth  day  from  the  samples  containing  0.37  and  0.74  per 
cent  formaldehyde  and  the  total  globulin  precipitate  obtained 
on  the  Sth  da}^  from  the  portion  containing  0.74  per  cent  formal- 
deh3'-de  formed,  as  soon  as  filtered  off,  opaque,  white,  insoluble 
masses  similar  to  the  white  of  a  boiled  egg.  The  same  was  true 
of  the  precipitate  obtained  by  one-half  saturation  with  am- 
monium sulfate  after  15  days  from  the  serum  containing  0.37 
per  cent  formaldehyde.  Neither  the  one-third  nor  the  one- 
half  saturated  ammonium  sulfate  precipitates  from  the  serum 
containing  O.IS  per  cent  formaldehyde  ever  became  insoluble 
after  separation.  None  of  these  solutions  gelled  even  after 
standing  for  1  year. 

As  may  be  seen  in  Table  III,  the  euglobulins  in  the  diluted 
serum  containing  O.IS  per  cent  formaldehyde  showed  a  fourfold 
increase  in  the  first  8  days.  On  the  15th  da,y,  when  the  increase 
in  this  fraction  was  sixfold,  the  sample  was  diluted  so  that  the 
formaldehyde  content  was  reduced  to  0.09  per  cent.  After  this 
there  was  no  further  increase  in  the  amount  of  protein  insoluble 
in  one-third  saturated  ammonium  sulfate,  but,  on  the  contrary, 
on  the  89th  day  a  slight  decrease  was  indicated.  This  may 
have  been  due  to  experimental  error,  although  the  pseudoglo- 
bulins  showed  a  slight  increase  at  this  time.  The  euglobulins 
in  the  samples  which  before  dilution  on  the  15th  day  contained 
0.37  and  0.74  per  cent  formaldehyde,  respectively,  increased 
until  there  was  almost  a  complete  transformation  of  pseudoglo- 
bulins  and  albumins  into  euglobulins.  A  repetition  of  this  experi- 
ment under  practically  the  same  conditions  confirmed  the  results 
obtained  in  Experiment  3. 

Although  Experiment  3  may  not  be  regarded  as  exactly  com- 
parable to  Experiments  1  and  2,  owing  to  the  difference  in  con- 
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centration  of  formaldehyde  during  the  first  15  daj's  of  the  test, 
yet  the  cessation  of  the  reactions  at  that  time  in  the  sample  in 
which  the  concentration  of  formaldehyde  was  reduced  to  0.09 
per  cent  points  clearly  to  the  concentration  rather  than  to  the 
actual  amount  of  formaldehyde  as  the  factor  of  controlling 
importance. 

A  more  complete  investigation  of  the  reactions  involved  is 
at  present  under  way. 

TABLE  IV. 

Relation  of  Gelatification  to  Changes  in  Precipitation  Limits  of  Proteins  in 

Formalized  Serum. 


Time  of  oontact 

with  1.45  per  cent 

formaldehyde. 


Before     treat- 

ment  

2  hrs 

19  "     

26  "     

45  "     

50  "     

67  "     

91  "     

105  "     

Proteins. 


Precipitated  by  jr, 
saturated  (NH4)2SOj 


No  precipitate. 


Precipitate. t 
Serum  gelled. 


Precipitated  bv  5 
saturated  (NH4)2Si34. 


No  precipitate. 


Precipitate. t 

u 

4'.  63 
5.59 
6.14 


Euglob- 
ulins 


gm. 

0.72 
4.66 
6.36 
6.54 
6.53 


Pseudo- 
globu- 
lins. 


gm. 

2.88 
1.90 
0.46 
0.23- 


Albu- 
mins. 


gm. 

3.27 
0.31 
0.05 
0.10 


*  Results  are  stated  in  gm.  per  100  cc.  of  serum. 

t  A  precipitate  was  obtained  but  could  not  be  separated  by  filtration. 

Relation  of  Composition  to  Rate  of  Gelatification  of  For- 
malized Serums. 

In  order  to  determine  whether  the  action  of  formaldehyde  on 
undiluted  serums  would  cause  the  production  of  proteins  insolu- 
ble in  less  than  one-third  saturated  solutions  of  ammonium  sul- 
fate, and  also  whether  the  extent  of  changes  which  serum  pro- 
teins undergo  in  the  presence  of  formaldehyde  bears  anj^  relation 
to  gelatification,  the  following  experiment  was  carried  out. 

Experiment  4- — To  a  normal,  undiluted,  horse  blood  serum  of  known 
composition,  formaldehyde  solution  in  an  amount  sufficient  to  make  a  con- 
centration of  1.48  per  cent  formaldehyde  was  added.    Following  the  addi- 
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tion  of  tlie  formaldehyde  solution,  the  serum  was  examined  at  the  intervals 
shown  in  Table  IV.  The  amounts  of  cuglobulins,  pseudoglobulins,  and 
albumins  were  determined  at  the  2nd,  19th,  2()th,  and  4oth  hours,  and  in 
addition,  the  amoimts  of  jjroteins  precipitated  by  one-tenth  and  one-fifth 
saturated  ammonium  sulfate  were  determined  on  the  50th,  (wth,  and  91st 
days  w'hen  filterable  j^recipitates  were  obtainetl.  The  results  shown  in 
Table  IV  are  expressed  as  gm.  per  100  cc.  of  serum. 

These  results  indicate  that  all  or  practically  all  of  the  piotcins 
of  this  serum  became  insoluble  in  one-fifth  saturated  ammonium 
sulfate  solutions  before  gelatification  occiu'red. 

As  alr(>ady  noted,  Armanguc  and  Gonzales  claim  that  the 
gelatification  observed  by  Gate  and  Pai:)acostas  in  certain  luetic 
serums  after  the  addition  of  formaldehydes  is  not  due  to  any  spe- 

TABLE  V. 

Effect  of  Dilution  upon  Rate  of  Gelatification  of  Formalized  Horse  Serum. 


Dilution. 

Time  required  for  1  cc.  of  the  serum  solution  to  gel. 

Serum. 

Water. 

With  2  drops 

formaldehyde 

solution. 

With  3  drops 

formaldehyde 

solution. 

With  4  drops 

formaldehyde 

solution. 

With  5  drops 

formaldehyde 

solution. 

cc. 

cc. 

da^s 

days 

days 

days 

100 

0 

3  * 

4 

3 

3. 

4 

3 
4 

90 

10 

1 

1 

2 

2 

80 

20 

4 

4 

4 

4 

70 

30 

8 

6 

6 

8 

60 

40 

9 

11 

t 

t 

50 

50 

t 

t 

t 

t 

*  First  observation  made  after  18  hours,  second  after  24  hours,  and 
thereafter  at  24  hour  intervals. 

t  Still  fluid  on  the  15th  day  of  the  test. 

cific  property  of  such  serums  but  that  it  depends  upon  the  concen- 
tration of  the  serum  proteins.  The  following  observations 
bear  upon  this  question. 

Experiment  5. — A  normal  horse  blood  serum  which  contained  7.39  per 
cent  total  protein  was  diluted  with  varying  amounts  of  water.  Different 
amounts  of  a  formaldehyde  solution  were  added  to  1  cc.  portions  of  the 
various  dilutions.  The  dilutions  employed,  the  amount  of  formaldehyde 
solution  added  to  each,  and  the  time  required  for  each  diluted  serum  to  gel 
are  shown  in  Table  V. 

It  is  very  apparent  that  the  more  concentrated  serum  solu- 
tions gelled  the  more  rapidly.     In  some  cases  the  portions  con- 
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taining  the  smaller  quantities  of  formaldelwde  gelled  before 
those  of  the  same  dilution  which  contained  larger  amounts  of 
formaldehyde.  This  was  perhaps  due  to  the  fact  that  all  the 
formaldehyde  solution  present  in  excess  of  the  amount  required 
to  produce  gelatification  served  to  dilute  the  serum  and  thus  to 
retard  gelatification. 

TABLE  VI. 
Rate  of  Gelatification  of  Formalized  Serums  of  Different  Composition. 


Composition  of  untreated  serums.* 

Sublots. 

Formal- 
dehyde 

solution 
added. 

Time  required 
to  gel. t 

Serum. 

T.  r. 

E.  G. 

P.  G. 

0.1  N 

NaOH  to 
neutralize. 

gm.  -per 
100  cc. 

ijm.  per 
100  cc. 

gm.  per 
100  cc. 

cc.  per 
100  cc. 

cc.  per 
100  cc. 

hrs. 

A 

9.68 

2.00 

5.46 

12.0 

A  1 
A  2 
A  3 

8 

4 

2 

1 

6 

1 

3 

B 

7.62 

0.94 

4.38 

2.0 

B  1 
B  2 
B  3 

8 
4 
2 

11 
23 
47 

C 

7.37 

1.12 

2.67 

Alkaline. 

C  1 
C  2 
C  3 

8 
4 
2 

29 

47 
72 

D 

7.19 

0.93 

3.10 

3.0 

D  1 
D2 
D3 

8 
4 
2 

23 

47 
96 

E 

6.18 

0.56 

2.64 

4.0 

E  1 
E  2 
E  3 

8 
4 

2 

All        fluid 
on        the 
13th  day. 

*  T.P.  =  total  proteins  (N  X  6.25);  E.G.  =  euglobulins;  P.G.  =  pseu- 
doglobulins. 

t  Observations  were  made  at  frequent  intervals  during  the  day  and 
early  evening. 

Onlj^  one  serum  was  used  for  the  vaiying  dilutions  of  Experi- 
ment 5.  In  order  to  determine  to  what  extent  gelatification  is  de- 
pendent upon  variations  in  the  individual  serum  proteins  apart 
from  mere  dilution,  the  rate  of  gelatification  of  five  different  form- 
aldehyde-treated serums  of  known  composition  was  determined. 
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Experiment  6. — The  blood  serums  from  five  different  normal  hogs  were 
analyzed  for  total  protem,  euglobulin,  pseudoglobulin,  albumin,  and 
titratable  acid,  using  phenolphthalein  as  an  indicator.  Portions  of  25  cc. 
of  each  serum  were  treated  with  0.5,  1.0,  and  2.0  cc.  of  formaldehyde  solu- 
tion, respectively,  and  were  then  kept  on  the  laboratory  table  in  stoppered 
bottles  until  gelatification  occurred,  the  time  required  being  noted  in 
each  case.  The  last  four  serums  were  examined  simultaneously,  while  the 
first  was  studied  in  the  same  way  at  an  earlier  date.  The  results  are 
given  in  Table  VI. 

Xo  relation  is  apparent  between  tlic  titratable  acid  of  these 
serums  and  the  time  required  for  gelatification.  Thus,  Serum 
C  was  alkaline  to  phenolphthalein  and  Scrum  D  was  acid;  both 
contained  appro.ximately  the  same  amounts  of  proteins,  and 
both  gelled  in  approximately  the  same  time. 

It  is  perfectly  apparent  that  the  rate  of  gelatification  is  pro- 
portional to  the  concentration  of  total  proteins  in  these  serums. 
But  the  failure  of  Serum  E,  which  contained  6.18  per  cent  total 
protein,  to  gel  in  13  days  indicated  that  the  protein  concentra- 
tion could  not  be  the  sole  factor  controlling  the  rate  of  gelatifi- 
cation, for  serums  containing  even  less  protein  than  Serum  E 
have  been  found  to  gel  in  less  than  13  days  under  similar  con- 
ditions. In  Experiment  5  the  rate  of  gelatification  was  found 
to  depend  upon  the  concentration  of  the  serum  constituents.  In 
that  experiment  water  had  been  used  as  the  diluent,  so  the  differ- 
ent dilutions  tested  varied  not  only  in  concentration  of  proteins  but 
also  in  concentration  of  salts.  In  order  to  determine  the  effect 
of  varying  the  protein  concentration  while  holding  the  salt  concen- 
tration appro.ximately  constant,  the  following  experiment  was 
made. 

Experiment  7.— Portions  of  a  normal  horse  blood  serum,  which  con- 
tained 7.14  per  cent  total  proteins,  were  diluted  with  varying  amounts  of 
water,  and  other  similar  portions  were  diluted  with  correspondingly  vary- 
ing amounts  of  an  0.9  per  cent  XaCl  solution.  Portions  of  a  normal  hog 
blood  serum,  which  contained  7.0  per  cent  total  protein,  were  similarly 
diluted.  To  1  cc.  portions  of  the  varying  dilutions  of  each  serum  different 
amounts  of  a  formaldehyde  solution  were  added.  The  dilutions  employed, 
the  amounts  of  formaldehyde  added,  and  the  time,  expressed  in  hours, 
for  gelatification  to  take  place  are  shown  in  Table  VII.  Observations 
were  made  at  frequent  intervals  between  7  a.m.  and  10  p.m. 

Again,  the  undiluted  serums  all  gelled  in  less  time  than  did 
the  diluted  ones.     Of  more  importance  is  the  fact  that  the  serums 
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diluted  with  salt  solution  gelled,  in  all  cases  in  which  differences 
are  shown,  before  the  same  serums  diluted  Avith  corresponding 
amounts  of  water.  In  a  few  instances  the  serums  diluted  with 
corresponding  amounts  of  water  and  salt  solution  are  shown  as 
having  gelled  at  the  same  time.  This  is  explained  by  the  fact 
that  these  serums  gelled  between  10  p.m.  and  7  a.m.,  hours  dur- 
ing which  observations  were  not  made. 

In  this  connection  the  following  observation  is  interesting: 
It  will  be  recalled  that  none  of  the  formalized  samples  of  Serum 
E,  Experiment  6,  had  gelled  on  the  13th  day.     On  that  day  one 

TABLE  VII. 
Effect  of  Salt  and  Protein  upon  Rate  of  Gelatification  of  Formalized  Serums. 


Dilution. 

Kind  of  diluent. 

Time 

required  for  1  re.  of  the  serum 
solution  to  gel. 

Kind  of 

With 

With 

With 

With 

With 

serum. 

1  drop 

2  drops 

3  drops 

4  drops 

5  drops 

Serum. 

Dilu- 

formal- 

formal- 

formal- 

formal- 

formal- 

ent. 

dehyde 

dehyde 

dehyde 

dehyde 

dehyde 

solu- 

solu- 

solu- 

solu- 

solu- 

tion. 

tion. 

tion. 

tion. 

tion. 

cc. 

cc. 

hrs. 

hrs. 

firs. 

hrs. 

hrs. 

Horse. 

100 

0 

None. 

57 

50 

44 

44 

44 

90 

10 

Salt  solution. 

151 

132 

92 

77 

92 

90 

10 

Water. 

* 

144 

144 

132 

106 

Hog. 

100 

0 

None. 

75 

42 

23 

20 

17 

90 

10 

Salt  solution. 

138 

66 

42 

42 

42 

90 

10 

Water. 

192 

70 

45 

42 

42 

80 

20 

Salt  solution. 

240 

138 

78 

66 

48 

80 

20 

Water. 

* 

216 

162 

116 

112 

*  Fluid  after  15  days. 

of  the  samples  was  divided  into  two  portions  of  12.5  cc.  each, 
to  one  of  which  0.5  gm.  of  NaCl  was  added,  while  the  other 
portion  was  left  untreated.  On  the  next  daj'',  the  14th  day  of 
the  test,  the  portion  to  which  the  additional  salt  was  added  had 
gelled,  while  the  portion  to  which  no  salt  was  added  was  still 
fluid  on  the  13th  day  thereafter,  or  the  27th  da}'  of  the  test. 

From  the  above  it  is  apparent  that  the  rate  of  gelatification 
of  serums  treated  with  given  amounts  of  formaldehyde  is  propor- 
tional to  the  concentration  of  salts  as  well  as  to  the  concen- 
tration of  total  protein,  these  two  factors  being  perhaps  of  about 
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equal  importance,   at  least  witliiu  the  limits  of  concentration 
which  obtained  in  these  experiments. 

SUMMARY. 

1.  The  addition  of  formaldehyde  to  blood  serum  causes  a 
progressive  decrease  in  the  solubilit.y  of  the  proteins  in  ammonium 
sulfate  solutions.  With  respect  to  solubility  in  that  reagent  the 
albumin  behaves  as  if  changed  to  pseudoglobulin,  the  pseudo- 
globulin  as  if  changed  to  euglobulin,  and  the  euglobulin,  in  its 
turn,  as  if  changed  to  protein  of  still  lower  solubility. 

2.  With  a  given  serum  the  rate  of  transformation  is  propor- 
tional to  the  concentration  of  formaldehyde  and  may  proceed 
to  the  complete  disappearance  of  the  albumin  and  pseudoglobu- 
lin  fractions.  If,  however,  the  concentration  of  the  formalde- 
hyde is  sufficiently  low,  this  transformation  appears  to  reach 
an  equilibrium,  independent  of  the  concentration  of  the  pro- 
teins, before  it  is  complete. 

3.  With  a  given  vmdiluted  serum  the  rate  of  gelatification  is 
proportional  to  the  concentration  of  formaldehyde.  Dilution 
of  a  serum  beyond  certain  limits,  of  course,  prevents  gelatification. 

4.  With  a  given  concentration  of  formaldehyde,  the  rate  of 
gelatification  is  proportional  to  (a)  the  concentration  of  the 
protein,  and  (b)  the  concentration  of  the  salts,  both  factors  ap- 
pearing to  be  of  about  equal  importance  within  the  range  studied. 

Acknowledgment  is  here  made  of  the  valuable  assistance  and 
helpful  criticism  of  Dr.  M.  Dorset,  under  whose  supervision  this 
work  was  done. 
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EXTRACTION    OF   VITAMINS    FROM    YEAST    AND    RICE 
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For  the  chemical  study  of  the  vitamins  in  yeast,  rice  pohshings, 
or  any  other  material,  the  selection  of  a  suitable  solvent  is  of 
paramount  importance.  While  we  encounter  in  the  literature 
some  isolated  data  on  this  subject,  no  systematic  study  ifivolving 
the  comparative  values  of  a  number  of  liquid  solvents  has  so  far 
been  undertaken.  Water,  alcohol,  and  acidulated  alcohol  have 
been  used  here  and  there.  Ether  has  never  found  favor,  because 
even  early  in  vitamin  research,  workers  had  convinced  themselves 
that  this  liquid  extracts  at  best  but  traces  of  "vitamin  B  and 
associated  substances.  One  of  the  present  authors  showed  as  early 
as  1912  (1)  that  95  per  cent  alcohol  was  a  very  poor  solvent  for 
vitamin  B;  even  repeated  treatments  with  boiUng  alcohol  of  this 
concentration  failed  to  diminish  the  activity  of  the  residue  to  any 
extent,  though  yielding  potent  extracts. 

McCollum  and  Simmonds  have  conducted  experiments  on  the 
extraction  of  vitamin  B  from  beans,  pig  liver,  and  the  wheat  germ 
(2).  In  a  recent  paper  Levine,  McCollum,  and  Simmonds  (3) 
recommend  glacial  acetic  acid  as  a  solvent  for  vitamin  B  in  navy 
beans.  They  do  not,  however,  state  the  final  dilution  of  the 
acetic  acid  after  it  has  been  mixed  with  the  beans  (which,  of  course, 
contain  different  amounts  of  moisture) ,  nor  do  they  state  whether 
any  tests  were  carried  out  with  the  residues  as  well  as  with  the 
extracts — a  very  important  point. 

The  ideal  solvent  for  vitamin  B  would  be  one  which  extracts  it 
quantitatively  without  extracting  any  other  vitamin  or  any  inert 

*  The  work  was  supported  by  a  grant  given  by  ^Nlr.  Herman  A.  Metz  .to 
Columbia  Universitj-. 
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material.  The  guitling  idea.  then,  in  our  work,  was  to  ascertain 
whieh  among  a  nmiiber  of  solvents  would  give  a  i^otent  extract 
and  at  the  same  time  carry  over  a  minimum  amount  of  substances 
that  accompany  the  vitamins — a  potent  extract  with  the  least 
possible  amount  of  impurities.  This,  in  our  minds,  is  an  essential 
preliminary  step  in  the  attempted  isolation  of  a  vitamin. 

For  some  time  past  one  of  the  authors  has  used  a  method  of 
extraction  that  he  has  found  quite  serviceable.  If  one  suspends 
pressed  yeast  (which  usually  contains  in  the  neighl)orhood  of 
70  per  cent  moisture)  in  enough  95  per  cent  alcohol  so  that  the 
resulting  solution  is  70  per  cent  in  strength,  filters  the  mixture, 
and  repeats  this  treatment  on  the  residue  two  or  three  times,  one 
is  able,  as  a  rule,  to  obtain  a  very  active  extract  and  a  quite 
inactive  residue.  We  have  amphfied  this  procedure  in  the  present 
instance,  using  a  number  of  different  solvents,  the  selection  of 
these  being  dependent  upon  their  miscibility  with  w^ater  and  their 
low  boihng  point.  The  encom-aging  results  with  70  per  cent 
alcohol  also  led  us  to  several  experiments  with  different  concen- 
trations of  this  solvent.  Lastly,  in  the  hope  that  rice  polishings 
might  prove  a  more  desirable  "raw"  material  than  yeast,  a 
number  of  extraction  experiments  were  carried  out  with  them. 

The  possibility  that  a  single  solvent  may  have  a  selective 
dissolving  power  for  a  particular  vitamin  or  vitamin-like  substance 
(either  vitamin  B  or  D)  led  us  to  extend  our  field  of  investigation. 
We  not  only  tested  the  extracts  and  the  residues  on  pigeons  but 
also  on  rats.  We  fm-ther  investigated  the  extracts  with  regard  to 
their  yeast  growth-promoting  power  (due  to  \atamin  D)  and 
their  content  of  coenz^Tiie. 

EXPERIMENTAL. 

Method  of  Extraction. — Brewery  yeast'  was  freed  from  as  much  liquid 
as  possible  by  pressure  in  a  tincture  press,  and  the  percentage  of 
moisture  in  the  residue  determined.  This  averaged  about  70  per  cent. 
Tests  were  next  made  with  the  material  to  determine  its  vitamin  content. 
0.33  gm.  of  test  material  per  pigeon  per  day  was  sufficient  to  maintain  the 
birds  in  good  health.  To  300  gm.  of  the  pressed  yeast  enough  of  the  solvent 
was  added  to  give  a  final  concentration  of  the  desired  strength.  The 
mixture  was  kept  in  a  stoppered  bottle  for  48  hours,  shaken  from  time  to 

1  We  wish  to  thank  Ruppert  and  Co.,  New  York,  for  the  yeast  used  in 
these  experiments. 
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time,  filtered,  and  the  residue  triturated  witii  200  cc.  of  fresh  solvent. ^  This 
was  filtered,  and  the  operation  repeated  twice.  The  final  washings  were 
made  with  100  cc.  of  solvent. 

The  filtrate  nnd  washings  were  evaporated  in  vacuo  to  300  cc.  (so  that 
1  cc.  of  the  solution  corresponded  to  1  gm.  of  the  pressed  yeast),  and  the 
solution  was  kept  in  a  stoppered  bottle  in  an  ice  chest.  Portions  were 
used  for  the  determination  of  total  solids  and  of  total  nitrogen,  yeast 
growth-promoting  power,  and  coferment  activity.  The  rest  was  used  in 
the  tests  on  rats  and  pigeons. 

With  rice  polishings  the  procedure  was  somewhat  different.  To  500  gm. 
to  rice  polishings'  (containing  about  8  per  cent  of  moisture)  2,500  cc.  of 
solvent  of  the  required  strength  were  added.  The  subsequent  procedure 
was  similar  to  that  described  under  yeast  except:  (a)  after  filtration,  the 
residue  was  triturated  with  330  cc.  of  solvent,  and  this  was  repeated  twice, 
and  finally  once  with  160  cc;  and  {b)  the  filtrate  and  washings  were  evap- 
orated to  250  cc.  (although  in  one  or  two  cases,  owing  to  the  presence  of 
large  quantities  of  dissolved  material,  the  evaporation  could  not  con- 
veniently be  carried  below  350  cc).  Extracts  from  rice  polishings  rich  in 
fat-like  substances  were  difficult  to  filter  clear. 

Animal  Experiments. — For  these  experiments  twenty-four 
pigeons  and  eighteen  rats  were  used.  The  pigeons  were  kept  in 
individual  cages,  described  in  an  earlier  paper  (4) .  Their  weight 
and  intake  of  polished  rice  were  recorded  daily.  Everj^  morning 
after  weighing,  each  pigeon  was  given  the  preparation  to  be 
tested.  All  the  tests  lasted  a  week — a  length  of  time  found  by 
previous  experience  to  be  sufficient.  In  some  instances  the  period 
was  lengthened  to  confirm  results.  A  group  of  six  birds  was  used 
for  testing  each  extract  and  residue  and  the  averages  were  taken. 
The  group  of  pigeons  which  received  an  inactive  residue  or  poor 
extract  1  week  was  given  the  following  week  a  preparation  which 
we  had  reasons  to  believe  might  prove  active. 

The  eighteen  young  rats  used  for  similar  tests  were  also  kept 
in  separate  cages.  Their  diet  was  the  usual  food  free  from 
vitamin  B;  according  to  the  Osborne-Mendel  formula: 

per  cent 

Casein 18 

Corn-starch 54 

Butter 18 

Lard 6 

Salt  mixture 4 

*  If  the  original  concentration  was  70  per  cent,  then  the  solvent  added  at 
this  point  was  70  per  cent  also. 

MVe  wish  to  thank  Mr.  Charles  E.  Armstrong,  44  Whitehall  St.,  New 
York,  for  his  kind  assistance  in  securing  the  rice  polishings. 
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The  fractions  to  be  tested  were  given  daily  in  individual  cups. 
If  any  was  left,  as  in  the  case  of  some  of  the  residues,  it  was 
mixed  with  the  food  to  insure  its  being  taken.  The  weight  and 
food  intake  were  recorded  twice  a  week.  Each  test  lasted  2  weeks. 
The  averages  of  groups  of  three  were  taken  for  each  test  on  an 
e.Ktract  or  residue,  and  the  groups  on  extracts  and  residue  were 
alternated. 

Yeast  Growth. — One  of  us  (5)  has  shown  that  the  factor  which 
induces  yeast  growth  is  a  fom-th  vitamin,  which  we  have  named 
vitamin  D  (identical,  it  would  seem,  with  the  "bios"  of  Wildiers). 
This  opinion  has  recently  been  confirmed  through  work  in  the 
Biochemical  laboratory  at  Oxford  (6).  The  method  adopted  for 
measuring  yeast  growth  was  that  devised  by  one  of  us  working 
in  conjunction  with  Dubin  (7). 

Coferment. — Harden,  Thompson,  and  Young  (8)  have  described 
a  method  for  determining  the  coenzyme,  and  we  refer  readers  to 
their  paper  for  details.  For  the  test  a  culture  of  yeast  was 
grown  in  Nageli  solution  (containing  5  per  cent  autolyzed  yeast 
as  a  source  of  vitamin  D).  After  48  hours  the  solution  was 
centrifuged  and  the  cells  were  washed  five  times  to  remove  all 
traces  of  coferment.  A  uniform  suspension  was  made  from  the 
centrifuged  cells,  and  divided  between  four  flasks,  two  to  act  as 
controls,  and  two  others  for  the  extract  to  be  investigated.  The 
contents  of  the  "control"  and  "test"  solution  were  as  follows; 

Cane-sugar 5  gm. 

Extract  to  be  tested 2  cc. 

Or  water  in  controls 2  " 

Yeast  suspension 10  " 

2  per  cent  sodium  dihydrogen  phosphate 5  " 

Total  volume 50  " 

Fermentation  tests  were  made  according  to  the  method  of 
Tholin  (9),  pubhshed  from  Euler's  laboratory.  The  flasks  were 
saturated  with  CO2.  The  amount  of  gas  recorded  in  Table  I 
represents  the  difference  between  the  amount  of  gas  evolved  in 
the  experimental  flasks  and  the  controls  in  the  course  of  2  hours. 

Tables. — The  results  have  been  tabulated  in  Table  I.  The 
figures  for  "nitrogen"  and  "solids"  represent  percentages  cal- 
culated to  a  dry  basis.     Experience  has  shown  that  positive  re- 
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s:ponscs  may  be  expected  in  less  than  a  wo(^k  in  iii^eons  and  in  less 
than  2  weeks  in  rats.  The  plus  and  minus  figures  represent  the 
percentage  increase  or  decrease  in  weight.  As,  owing  to  unavoid- 
able circumstances,  the  duration  of  the  experiments  was  not  always 


TABLE  II. 

Solvent. 

Calculated  to  N  =  1. 

Extract  fed  to 
pigeons. 

Extraot  fed  to 
rats. 

Yeast. 

Methj'l  alcohol,  60  per  cent 

70  "        "    

Ethyl  "        50  "        "    

60  "        "    

80  "        "    

Propyl         "        70  "        "    

Butyl  "        70  "        "    

Isobutyl      "        70  "        "   

Acetone,  70  per  cent 

Methylethyl  ketone,  70  per  cent 

Acetic  acid,  70  per  cent 

Rice  polishings 

Ethyl  alcohol,  50  per  cent 

60  "        " 

70  "        "    '. .. 

"  "        (hot),  70  per  cent 

Propyl   "    70  per  cent 

Acetone,  70  per  cent 


+0.50 
+0.93 
+0.03 
+0.44 

+  1.2 

+0.37 

+  1.1 

-0.09 

-0.17 

+5.5 

-0.1 

+0.7 


+  0.80 

+  0.53 

+  0.3 

+  1.33 

+  1.4 

+  0.13 

+  3.1 

-  0.009 

-  0.5 
+  11.8 

-  0.04 
+  0.6 


+3.8 

+3.6 

+0.M 

+2.0 

-0.03 

-0.002 


+  14.7 
+28 
+27.0 
+  6.0 
+43.3 
+  17.5 


uniform,  the  figiu-es  actually  given  represent  the  percentage 
increase  (or  decrease)  divided  by  the  number  of  days  of  the 
experiment — in  other  words,  the  average  percentage  increase  or 
decrease  -per  day.     This  also  apphes  to  Columns  5  and  6. 

Table  II  has  been  prepared  to  emphasize  the  comparative 
features  of  the  experiments.  We  have  taken  as  our  standard 
1  per  cent  of  nitrogen  as  a  unit,  and  Columns  1  and  2  are  really 
Columns  4  and  6  of  Table  I  recalculated  on  the  basis  of  N=l. 
This  table  seems  to  us  of  value  in  answering  the  question,  which 
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solvent  extracts  a  maximum  of  the  vitamin  and  a  minimmn  of  the 
nitrogenous  impurities?^ 

DISCUSSION. 

Let  us  first  confine  our  attention  to  the  action  of  the  various 
solvents  on  yeast.  If  in  judging  activity  the  standard  selected  is 
not  merely  one  that  yields  an  active  extract,  but  also  one  that 
leaves  behind  an  inactive  residue,  then  we  must  select  70  per  cent 
alcohol  as  the  one  among  the  solvents  that  most  nearly  approaches 
this  standard.  If,  on  the  other  hand,  our  guide  is  not  so  much 
the  inactivity  of  the  residue  as  the  relatively  small  amounts  of 
nitrogenous  impurities  that  accompany  the  extract,  then  we 
would  be  forced  to  select  acetone  as  the  best  among  the  solvents 
(see  more  particularly  Table  II,  which  was  primarily  prepared 
to  emphasize  this  point). 

On  the  whole  it  may  be  said  that  the  nitrogen  content  of  the 
extract  is  a  pretty  good  criterion  of  its  vitamin  activity,  for,  as  a 
rule,  the  higher  the  percentage  of  nitrogen  in  the  extract,  the  more 
active  it  is  apt  to  be.  It  might  also  be  pointed  out  in  this  con- 
nection that  the  percentage  of  nitrogen  and  the  total  solids  in 
the  extract  run  fairly  parallel. 

Somewhat  less  definite,  though  fairh"  well  marked,  is  the 
tendency  for  vitamin  D  (as  measured  by  yeast  growth)  and  vita- 
min B  (as  measured  in  pigeons)  to  run  hand  in  hand,  for  usually 
the  more  potent  the  extract  is  on  pigeons,  the  higher  is  its  vitamin 
D  content.  When,  however,  we  come  to  the  coferment,  there 
seems  to  be  little  relation  between  it  and  vitamins  B  and  D,  which 
perhaps  suggests  that  the  coferment  is  in  no  w^ay  related  to  these 
vitamins. 

The  hope  that  a  single  solvent  would  show  a  selective  affinity 
for  either  vitamin  B  or  vitamin  D,  or  that  a  particular  solvent 

*  One  feature  of  the  table  must  be  made  clear.     Under  butyl  alcohol,  the 

figure  is  negative,  with  an  extract  containing  0.07  per  cent  N  which  causes 

a  percentage  loss  of  weight  in  pigeons  of  1.3  (—1.3).     Were  the  extract  to 

contain  1  per  cent  N,  it  cannot  be  assumed  that  the  figure  —1.3  will  be 

increased,  but  rather  that  it  will  be  decreased.     Hence  in  such  cases  we 

have    arbitrarily    divided    rather    than    multiplied.     (In    one    particular 

1  ,  -1.3 

example, =  14.3  and  =  -0.09.) 

0.07  14.3 
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would  yield  an  extract  that  would  induce  growth  in  pigeons  and 
not  in  rats  (or  perhaps  vice  versa)  has  not  been  realized.  But 
there  is  one  point  that  is  worthy  of  attention.  A  glance  at 
Table  I  will  show  that  everj^  extract  that  showed  itself  active 
for  pigeons  was  also  active  for  rats.  This,  however,  is  not  true 
of  the  residues,  for  here  a  number  exert  positive  influence  upon 
rats,  and  a  negative  one  upon  pigeons.  The  reverse  is  not  true: 
in  no  case  is  there  a  positive  response  from  pigeons  that  is  not 
accompanied  by  a  positive  one  from  rats.  This  permits  of  a 
number  of  speculations.  May  we,  perhaps,  assume  that  the 
vitamin  for  rats  is  less  easily  soluble  in  the  solvents  used  than 
the  vitamin  for  pigeons? 

When  we  examine  the  results  with  rice  polishings,  we  find  that 
they  are  not  wholly  comparable  to  those  with  yeast.  Here  60 
per  cent  alcohol  seems  to  be  a  better  solvent  than  70  per  cent,  for 
not  only  is  the  percentage  of  N  in  the  60  per  cent  extract  less  than 
in  the  70  per  cent,  but  distinctly  inactive  residues  are  obtained. 
By  comparison  with  either  of  these  two,  hot  70  per  cent  alcohol 
(heating  the  polishings  and  solvent  in  a  water  bath  under  a  reflux 
condenser)  is  poor,  contrary  to  what  one  might  expect,  though 
good  for  vitamin  D. 

The  encouraging  results  with  acetone  and  propyl  alcohol  when 
these  were  used  in  extracting  vitamin  from  yeast  (see  Table  II), 
led  us  to  apply  these  solvents  in  extracting  the  vitamin  from  rice 
pohshings.  The  results  were  disappointing,  where  the  pigeons 
were  concerned,  but  the  rats  fared  quite  well.  And  at  this  point 
we  are  led  to  comment  on  the  fact  that  the  extracts  from  rice 
polishings  obtained  with  different  solvents  were  uniformly  better 
for  rats  than  for  pigeons.  An  extreme  example  of  this  difference 
is  seen  in  the  case  of  propyl  alcohol  (see  Table  II).  May  we 
assume  that  extracts  of  the  rice  polishings  are  particularly  well 
supphed  with  the  vitamin  needed  by  rats?  Must  we  reconsider 
the  entire  question  of  nutritional  needs  and  declare,  with  McCol- 
lum,  that  the  seed  germ  is  a  much  more  satisfactory  vitamin 
source  for  rats  than  is  yeast? 

Apparently  the  coferment  activity  of  the  various  extracts 
depends  little,  if  at  all,  upon  the  amounts  of  vitamins  B  and  D 
present.  We  may,  however,  be  allowed  to  point  out  two  sugges- 
tive facts:  (1)  that  the  butyl  and  isobutyl  extracts  of  yeast  were 
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rich  in  coferment,  though  they  quite  lacked  vitamins  B  and  D; 
and  (2)  that  there  was  complete  absence  of  coferment  in  the 
methjdethyl  ketone  extract  of  yeast,  and  in  the  50  and  70  (hot) 
per  cent  alcoholic  extracts  of  rice  polishings.  The  various  tests 
were  carried  out  independently  by  the  authors  and  final  notes  com- 
pared in  preparing  the  tables.  We  wish  to  regard  these  prelim- 
inar}'  studies  not  so  much  in  the  nature  of  settling  differences,  as 
suggesting  further  work.' 

SUMMARY. 

1.  The  comparative  values  of  the  following  solvents  in  extract- 
ing vitamin  from  yeast  were  studied:  ethyl  alcohol  (50,  60,  70, 
and  80  per  cent),  methyl  alcohol  (60  and  70  per  cent),  propjd 
alcohol  (70  per  cent),  butyl  alcohol  (70  per  cent),  isobutyl  alcohol 
(70  per  cent),  acetone  (70  per  cent),  methylethyl  ketone  (70 
per  cent),  and  acetic  acid  (70  per  cent) .  The  extracts  and  residues 
were  tested  on  pigeons  and  rats;  and  the  extracts  were  also  tested 
for  their  content  of  vitamin  D,  coferment,  total  N,  and  total 
solids. 

2.  If  inactivity  of  residue  be  taken  as  a  criterion,  then  70  per 
cent  alcohol  has  proved  to  be  the  best  solvent  for  vitamin  among 
the  solvents  used. 

3.  If,  however,  we  stress  not  onlj^  the  high  degree  of  activity  of 
the  extract,  but  also  the  low  proportion  of  nitrogenous  and  other 
impurities  (selecting  the  one  that  gives  a  minimum  of  such 
impurities)  accompan3'ing  the  vitamin,  then  the  best  among  the 
solvents  is  acetone. 

4.  On  the  whole,  the  higher  the  N  content  of  the  extract,  the 
greater  the  percentage  of  total  solids,  and  the  greater  the  activity 
of  the  extract. 

5.  Vitamins  B  and  D  tend  to  run  parallel  witli  one  another, 
so  that,  as  a  rule,  the  higher  the  content  of  vitamin  B,  usually  the 
higher  is  that  of  vitamin  D. 

6.  The  coferment  shows  no  definite  relation  to  either  vitamin 
BorD. 

7.  Using  rice  poKshings  in  the  place  of  yeast,  we  find  that  60 
per  cent  alcohol  is  better  than  70  per  cent. 

'  We  wish  to  thank  Professor  W.  J.  Gies  for  his  cooperation. 
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8.  The  extracts  from  rice  polishings  seem  to  be  particularly 
active  when  tested  on  rats,  and  by  comparison,  far  less  so  when 
tested   on  pigeons. 
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All  studies  of  autolysis  which  have  concerned  themselves  with 
effect  of  reaction  agree  that  acidity  increases  both  the  rate  and 
the  extent  of  the  process  (1).  Arinkin  (2)  was  the  first  to  compare 
the  effect  of  various  acids  in  equivalent  amounts  and  found  that 
all  accelerated  autolysis.  The  strong  mineral  acids  required  less 
to  give  the  maximum  digestion,  however,  than  the  weaker  organic 
acids.  This  suggests  that  the  H  ion  concentration  is  a  deter- 
mining factor.  On  the  other  hand,  the  observations  of  Yosh- 
imoto  (3)  on  the  very  large  increase  of  autolysis  produced  by 
such  weak  acids  as  boric,  salicylic,  and  carbonic,  seem  to  indicate 
that  the  quantity  of  acid  rather  than  the  H  ion  level  plaj'^s  the 
important  and  determining  part  in  the  process  since  these  acids 
are  too  weak  to  raise  materially  the  H  ion  level  of  a  tissue  brei 
already  definitely  acid  from  its  own  metabolites.  Many  of  our 
own  observations  have  suggested  that  the  amount  of  the  acid 
irrespective  of  its  degree  of  dissociation  was  at  least  one  deter- 
mining factor  in  the  mechanism  which  controls  the  speed  and 
extent  of  tissue  atrophy. 

In  this  paper  we  have  collected  material  obtained  from  time 
to  time  in  connection  with  our  studies  of  autolysis  bearing  upon 
this  relation  between  acid,  H  ion,  and  extent  of  amino-acid 
production. 

H  Ion  Changes  at  Death. 

At  the  moment  preceding  death  it  seems  fair  to  assume  that 
the  H  ion  concentration  within  the  cell  is  not  far  from  that  with- 
out.   With  the  blood  at  a  pH  =  7.4  we  assume  the  pH  of  the  cell 
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as  7.2 — based  on  considerations  of  the  Donnan  equilibrium  (4) 
and  the  known  difference  in  the  pH  between  the  corpuscles  and 
the  plasma.  Immediately  following  death  the  reaction  of  the  cells, 
as  measured  in  the  liashed  material,  changes  with  almost  explo- 
sive rapidity.  The  circumstances  of  death  appear  to  influence 
this  change  and  the  metabolic  condition  of  the  liver  itself  may 
very  probably  also  determine  the  rate  and  extent  of  acid  produc- 
tion. In  a  subsequent  paper  we  shall  present  in  more  detail  the 
data  substantiating  these  assumptions.  Suffice  it  to  say  here 
that  the  H  ion  concentration  rises  so  rapidty  that  within  4  minutes 
of  the  death  of  the  animal  as  a  whole,  the  liver  brei  will  have  a 
pH  of  about  6.8  or  less.  Within  a  few  hours  the  bulk  of  acidity 
has  been  produced  and  thereafter  the  rise  in  H  ion  is  slow,  reach- 
ing a  maximum  in  1  or  2  da3'S.  Individual  livers  differ  markedly 
in  the  absolute  figures  obtained,  but  in  a  general  way  the  curves 

TABLE  I. 
Pig  Liver. 


Time. 


pH 6.63  6.48 

0.2  N  amino-acid,  cc 0 .  30  1 .  15 


Hrs. 


5 


Days. 


6.48 


6.50  6.55 
1.55 


10       21 


6.58  6.6216.66 
|l.90 


6.50 
2.20 


of  change  are  characteristic.  Thus,  in  one  instance  a  liver  brei 
gave  a  pH  of  5.64  within  4  hours  of  the  death  of  the  animal  and 
showed  no  subsequent  increase.  More  often  the  pH  attained 
in  4  hours  is  about  6.7 — and  the  maximum  acidity  6.4  is  attained 
in  24  to  48  hours.  In  Table  I  and  Fig.  1  the  changes  that  have 
been  observed  in  a  typical  case  are  presented. 

It  will  be  seen  that  the  initial  production  of  acid  is  extremely 
rapid  after  death.  Within  a  very  few  minutes,  or  perhaps  sec- 
onds, the  H  ion  concentration  has  risen  to  the  point  at  which 
the  primary  protease  of  the  liver  is  active,  and  at  which  the  base- 
protein  salts  of  the  living  tissue  are  changing  to  acid-protein 
salts.  At  this  point  autolysis  begins.  If  this  conception  of  the 
process  is  substantially  correct  there  should  be  no  appreciable 
time  interval  between  death  of  a  cell  or  tissue  and  the  initiation 
of  the  autolytic  mechanism.  Our  previous  study  of  the  so  called 
"latent  period"  in  autolysis  (5)  confirms  this  point.     If  products 
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of  initial  cleavage  are  taken  as  the  criterion  of  the  start  of  autol- 
ysis, no  latent  period  can  be  demonstrated.  The  appearance  of 
amino-acids,  however,  is  much  later,  as  might  be  expected  since 
they  represent  the  last  step  in  a  series  of  cleavages  (6) . 

The  initial  explosive  production  of  acid  at  death  is  followed  by 
a  slower  increase  reaching  the  maximum  in  a  few  hours  to  2  days. 
The  amino-acids  appear  after  a  latent  period  of  about  2  hours, 
and  continue  to  increase  for  several  days.  After  the  initiation 
of  the  process  by  acid  production  and  primary  cleavage  of  the 
acid-protein  salts,  the  process  goes  on  to  completion  regardless  of 
subsequent  changes  in  the  H  ion  concentration  (7,  8). 

The  addition  of  glucose  to  a  liver  brei  is  believed  to  check  the 
autolytic  mechanism   by   inhibiting  the   enzymes    (9).     Shaffer 


^ 

pH 

- 



/^ 

/ 

tec. 


Ice. 


4  8  i(>  JOAVS 

Fig.  1.  pH  and  amino-acids. 

explains  the  protein-sparing  action  of  carbohydrate  food  in 
conditions  like  fever  or  starvation  upon  this  property  of  glucose. 
On  the  other  hand,  if  glucose  does  inhibit  autolysis  we  should 
expect  it  to  be  due  to  preventing  the  regular  rise  of  the  H  ion 
concentration.  We  have  therefore  added  glucose  to  autolyzing 
liver  and  measured  both  the  H  ion  concentrations  and  the  rate  of 
autolysis.  Our  results  tabulated  in  Table  II  do  not  confirm 
Shaffer's  observations.  Glucose  appears  to  increase  the  H  ion 
very  slightly  when  added  to  a  control,  an  alkaline,  or  an  acid 
brei.  Its  effect  on  autolysis  was,  however,  too  small  to  measure. 
Oxygenation  appears  to  increase  slightly  the  acid  production  in 
an  alkaline  brei  over  the  control,  but  the  addition  of  glucose  to 
such  an  alkaline  oxygenated  brei  does  not  increase  the  acid  pro- 
duction.    See  Table  III. 
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The  failure  of  glucose,  in  its  stable  form,  to  modify  in  either 
sense  the  autolysis  of  a  tissue  does  not  wholly  rule  out  the  possi- 
bility that  glucose  freshly  liberated  fi'om  its  combinations  may 


TABLE  II. 
Pig    Liver.* 


No. 


II 


III 


IV 


VI 


VII 


VIII 


Condition. 


Control. 


+   121  cc.  0.2 
N  NaOH 


Control  +  25  cc.  0.2  N 
NaOH 


Control  +  12^  cc.  0.2  n 
HCl 


Control  +  10  gm.  glu- 
cose  


Control+10  gm.  glucose 
+  12i  cc.  0.2  N  NaOH. 


Control+10  gm.  glucose 
+  25  CC.0.2N  NaOH. 


Control+10  gm.  glucose 
+  12i  cc.  0.2  N  HCl.. 


Amino-acid. . 
pH 


0.40  1.15  1.25 
6.60,6.516.52 


Amino-acid. . 
pH 


Amino-acid. 
pH 


Amino-acid. 
pH 


Amino-acid. . 
pH 


Amino-acid. 
pH 


Amino-acid. 
pH 


Days. 


0         13         5         9         16 


1.45 


6.536.38 


0.400.750.850.95 
7.777.147.05 


0.40 
9.17 


0.40 
5.39 


0.40 

6.57 


0.60  0.65 
7.96  7.73 


1.85'2.80 
5.60 


1.20 
6.44 


1.25 
6.49 


0.70 


3.10 


1.45 


0.40  0.70  0.80  0.95 
7.65:7.037.02 


0.400.600.700.70 
8.937.937. 


Amino-acid. .  0.401.852.803.15 
pH '5.24  5. 35|        I 


6.96 


7.50 


6.53 


6.93 


6.87 


7.38 


6.35 


6.86 


7.447.35 


*  Except  where  otherwise  specified  in  this  and  subsequent  tables  time 
is  indicated  in  days,  and  amino-acid  as  cc.  of  0.2  N  in  25  cc.  of  the  tri- 
chloroacetic acid  filtrates  which  represent  6.25  cc.  of  the  original  brei. 
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have  such  an  effect.  It  is  possible  that  the  unstable  modification 
of  glucose  as  first  liberated  from  glycogen  is  more  easily  oxidized 
by  the  tissues,  or  is  otherwise  more  reactive.  As  a  rough  test 
of  this  possibility  glycogen  and  starch  were  added  to  liver  brei 
and  the  effect  on  autolysis  was  determined.  The  results  appear 
in  Table  IV. 

TABLE  III. 
pH  Values  of  Pig  Liver. 


No. 

Condition. 

Day. 

Differ- 

0 

1 

ence. 

I 

II 
III 

Liver  (50  gm.)    +  50  cc.  0.1  N  NaOH 

"       (50   "     )  +  50   "    0.1  "       "    oxygenated. 
Same  as  No.  II  +  5  gm.  glucose  oxygenated 

9.27 
9.44 
9.30 

7.93 
7.66 
7.67 

1.35 
1.78 
1.64 

TABLE  IV. 
Pig  Liver. 


No. 

I 

II 

III 

IV 


Condition. 


Control. 


+  5  gm. 

+  5  " 
+  5  " 


glycogen 

starch  (boiled) 
soluble  starch 


Days. 

0 

0.50 

1 

4 

8 

1.60 

2.00 

2.25 

0.50 

1.50 

2.00 

2.20 

0.50 

1.50 

1.80 

2.15 

0.50 

1.65 

2.00 

2.30 

23 


2.90 
2.80 
2.75 
3.00 


H  Ion  Changes  in  Tissue  Made  Acid  or  Alkaline. 

In  the  course  of  our  studies  of  autotysis  under  artificially  con- 
trolled reactions  observations  have  been  made  on  the  effect  of 
added  acid  and  alkali.  A  strong  acid  like  HCl  increases  autolysis 
up  to  the  point  of  optimum  digestion.  Be3'ond  this  point  further 
addition  of  acid  inhibits  the  process.  If  a  weak  acid  is  added, 
such  as  acetic,  the  same  optimum  point  is  reached  as  with  HCl, 
but  the  phenomenon  of  inhibition  does  not  appear.  It  is  evi- 
dent, therefore,  that  the  H  ion  concentration  attained  in  the 
strong  acid-liver  mixtures  produces  the  inhibition,  while  the  H 
ion  level  attained  with  weaker  acids  is  too  low  to  produce  this 
effect.  Evidence  has  been  presented  that  this  is  inhibition  of 
the  initial  primary  cleavage  rather  than  the  secondary  or  ereptic 
cleavage  (8). 
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When  alkali  is  added  to  a  liver  brei  it  produces  a  characteristic 
and  sharp  inhibition.  If  a  small  amount  of  alkali  is  added  the 
mixture  will  in  time  become  neutral  or  even  acid  to  litmus,  and  a 
small  digestion  of  the  proteins  takes  place.  With  larger  amounts 
the  inhibition  is  practically  complete.  The  same  sharp  checking 
of  the  autolytic  mechanism  is  observed  when  some  insoluble  oxide 
or  carbonate  is  added  which  will  prevent  the  development  of 
acidity. 

In  Table  V  and  Fig.  2  the  changes  in  H  ion  concentration  in  a 
typical  series  of  modified  tissue  breis  are  illustrated. 
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Fig.  2.  pH  changes  in  autolysis. 


The  outstanding  features  in  the  experiment  are:  (a)  the  small 
increased  buffering  of  the  acid  digests  where  the  protein  is  most 
quickly  hydrolyzed  into  its  amino-acids;  (6)  the  very  large  buffer 
effect  found  in  the  more  alkaline  mixtures  where  there  is  no  pro- 
teolysis at  all;  and  (c)  the  tendency  of  all  the  digests  to  converge 
toward  a  H  ion  level  in  the  neighborhood  of  pH  6  to  7. 

The  large  changes  in  H  ion  concentration  in  the  alkaline  breis 
are  not  due  to  changes  in  the  protein  molecule  under  the  influence 
of  the  alkali.     This  we  infer  from  the  fact  that  when  egg  albumin 
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solutions  are  made  up  to  similar  pH  levels  the}-  show  no  changes 
on  standing  comparaljle  to  those  found  in  the  liver  mixtures. 
The  changes  then  must  be  due  to  the  production  of  acids  such  as 
COo.  lactic  acid,  fatty  acids,  and  phosphoric  acid. 

Acids  Developed  in  Tissues  Post  Mortem. 

In  a  subsequent  paper  we  shall  present  in  more  detail  studies 
of  the  acids  produced  in  tissues  made  up  to  various  pH  levels. 
In  Table  VI  is  shown  the  relative  importance  of  the  various  acids 
in  a  liver  made  definitely  alkaline  with  NaOH. 

TABLE  VI.' 
Acids  Developed  During  Autolysis  of  Pork  Livers. 


Acid. 


Total  fatty  acids  (by  saponification  of  fats) 

Fatty  acids  free  in  brei;  i.e.,  as  soaps 

CO2,  calculated  as  bicarbonate 

Lactic  acid 

Phosphoric  acid,  calculated  as  0.2  m  H3PO4. 
Total 


0.2  N 

acid. 

Total  acid. 

Initial. 

48  hrs. 

Initial. 

48  hrs. 

cc. 

cc. 

per  cent 

per  cent 

25.9 

25.9 

3.5 

10.7 

14.6 

15.8 

5 

13 

20.8 

19.2 

1.5 

3.1 

6.3 

4.6 

14 

41 

58.3 

60.4 

24 

67.8 

100 

100 

*  First  samples  taken  immediately  after  making  up  breis,  or  about 
6  hours  after  death  of  the  animals.  Second  samples  taken  48  hours  later. 
Incubated  at  37°C. 

All  breis  contained  50  cc.  of  0.2  n  NaOH  per  100  gm.  of  liver,  made  up 
to  500  cc.  of  brei,  and  preserved  with  toluene. 

It  will  be  seen  that  the  total  titratable  acids,  excluding  combined 
fatty  acids,  increase  nearly  300  per  cent  in  the  course  of  48  hours 
incubation.  Lactic  acid  is  insignificant  in  actual  amount,  but 
shows  a  similar  increase.  Fatty  acids  are  likewise  insignificant 
in  this  case,  but  show  a  corresponding  increase  on  standing.  Car- 
bon dioxide  is  next  in  importance,  while  phosphoric  acid  is  almost 
double  all  the  rest.  Phosphoric  acid  also  shows  a  300  per  cent 
increase  on  standing. 

The  fat  content  of  the  liver  varies  in  the  individual  from  time 
to  time,  and  between  species  there  is  an  extremely  wide  variation. 
While  the  liver  lipase  is  not  very  active  in  the  digestion  of  the 
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common  fats  as  compared  with  the  pancreatic  hpase,  there  is  the 
probabihty  that  hydrolysis  of  the  fats  may  play  a  considerable 
role  in  determining  the  reaction  in  liver  cells  and  so  of  the  degree 
of  autolysis.  Free  fatty  acids  compete  with  the  proteins  of  the 
cell  for  the  bases  present  and  so  tend  to  raise  the  H  ion  level, 
although  themselves  insoluble.     Table  VII  is  illustrative. 


TABLE  VII. 
Pig  Liver  and  Cottonseed  Oil. 


No. 


II 


III 


IV 


VI 


Condition. 


Control 


"      +  25  cc.  oil. 


"      +  25  "    0.2NNaOH. 


"      +  25  cc.  oil  +  0.2  N 
NaOH 


Control  +  25  cc.  rancid  oil 


"      +  25  cc.  rancid  oil  + 
0.2  N  NaOH 


Amino-acid 
pH 

Amino-acid 
pH 

Amino-acid 
pH 

Amino-acid 
pH 

Amino-acid 
pH 

Amino-acid 
pH...... 


Days. 


0.35 
6.56 

0.35 
6.35 

0.35 
90 


0.35 

8.85 

0.35 
5.50 


0.35 

6.48 


1.70|2.10 

6.38 

2.3o'4.10 
4.92 


0.550.55 
7.75 


0.600.95 
7.54 

2.253.50 
5.48 


1.602.35 

6.261 


6.52 


4.83 


7.37 


5.40 


5.43 


6.11 


11 
2.65 

6.15 

0.75 

2.10 
4.70 

3.45 


The  presence  of  the  fat  very  definitely  increased  the  H  ion  level 
attained  by  the  brei  at  the  end  of  a  day  and  at  later  points  of  time, 
and  increased  autolysis  quite  largely.  In  the  alkaline  digests 
with  cottonseed  oil,  the  presence  of  the  fat  was  not  sufficient  to 
increase  the  H  ion  concentration  to  the  point  where  significant 
digestion  could  take  place.  On  the  other  hand,  the  rancid  cocoa- 
nut  oil  raised  the  initial  H  ion  very  largely  and  was  sufficient  to 
neutralize  the  effect  of  the  alkali.  Digestion  in  this  case  was 
consequently  large. 
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In  Tabic  VIII  is  seen  the  effect  on  autolysis  of  a  number  of 
common  oils  which  with  one  exception  definitely  increase  the 
extent  of  autolysis  in  the  time  allotted.  It  is  probable  that 
castor  oil  is  not  readily  hydrolyzed  by  the  liver  lipase. 

It  seems  clear  that  the  amount  of  fat  in  a  liver  maj'  have  some- 
thing to  do  with  the  individual  variations  which  we  have  observed 
in  the  H  ion  changes  and  the  autolysis  characteristic  of  individuals. 
It  cannot  account  for  the  very  rapid  initial  increase  of  the  H  ion, 
however,  following  death. 

TABLE  VIII. 
Pig  Liver  and  Various  Fats. 


No. 


II 

III 

IV 

V 

VI 

VII 

VIII 


Condition. 


Control. 


+  25  cc.  cottonseed  oil. 


+  25 
+  25 
+  25 
+  25 
+  25 
+  25 


peanut  oil.  . . 
cod  liver  oil. 
cocoanut  oil. 
castor  oil. . . . 
sperm  oil. . . . 
corn  oil 


Days. 


0 

1 

8 

0.25 

1.70 

3.10 

0.25 

1.80 

4.20 

0.25 

1.90 

4.00 

0.25 

1.95 

4.00 

0.25 

2.10 

4.25 

0.25 

1.70 

3.15 

0.25 

2.10 

4.65 

0.25 

1.85 

4.40 

Quantitative  Relation  between  Acid  and  Autolysis. 

It  has  been  our  hypothesis  presented  in  previous  papers  that 
the  effect  of  acid  was  to  increase  substratum  upon  which  the 
proteases  of  the  tissue  could  then  act,  and  that  there  was  little 
evidence  of  the  phenomenon  of  activation  of  the  enzyme  at  some 
definite  H  ion  level.  We  showed  in  1915  (10)  that  peptone  would 
digest  just  as  well  in  the  control  liver  brei  as  in  a  brei  made  acid. 
Egg  albumin  which  does  not  digest  at  all  in  the  control  will  digest 
in  a  brei  made  acid  with  HCl,  but  will  not  in  a  brei  made  acid  with 
MnClo.  Liver  tissue  itself,  however,  digests  very  well  when  made 
acid  with  MnCl2.  Such  facts  led  us  to  conclude  that  the  enzyme 
or  enzymes  concerned  in  autolysis  were  active  whether  the  liver 
was  neutral,  alkaline,  or  acid,  but  that  only  in  the  acid  condition 
was  there  any  substratum  present  on  which  the  enzymes  could 
demonstrate  activity.     While  the  main  point  is  still,  we  believe, 
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entirely  correct,  the  recent  work  of  Dernby  (7)  together  with  our 
own  offers  a  more  satisfactory  explanation  of  the  facts  and  f ui'nishes 
some  evidence  of  an  activation  phenomenon.  The  ereptic  enzyme 
of  the  tissue  is  active  in  alkahne,  neutral,  and  acid  media;  the 
primary  protease,  however,  is  only  active  in  acid  media.  If  there 
are  any  primary  cleavage  products  present  in  the  tissue,  the 
ereptic  enzyme  will  carry  on  the  cleavage  regardless  of  the  reac- 
tion, within  the  limits  pH  8  to  3.  The  cleavage  of  the  tissue 
proteins  themselves,  however,  takes  place  only  in  acid  media  in 
which  the  primary  protease  is  active,  and  in  which  also  the  tissue 
proteins  are  converted  into  acid-protein  salts  which  are  available 
for  digestion.  Dernby  found  that  gelatin  liquefies  between  the 
limits  pH  6  to  3,  and  best  at  pH  4.  This  is  convincing  evidence 
of  the  presence  of  this  primary  protease  as  distinct  from  the  pep- 
tone-digesting action  which  goes  on  best  at  pH  7  to  8.  Our  own 
results  (8)  confirm  the  interpretation  given  by  Dernby.  Peptides 
containing  reactive  tyrosine  are  split  off  from  the  tissue  proteins 
very  rapidly.  They  represent  the  initial  break-up  of  the  native 
proteins  into  polypeptide  molecules  of  considerable  size  in  which, 
however,  the  tyrosine  will  react  with  the  Folin-Denis  reagent. 
Colorimetric  determinations  of  tyrosine,  therefore,  make  excel- 
lent criteria  of  primary  cleavage.  It  reaches  its  maximum  early 
in  autolysis,  long  before  the  amino-acid  titer  has  even  approxi- 
mated equilibrium.  At  pH  4.5  tyrosine  splits  off  best,  at  pH 
7  and  2.6  it  is  not  split  off  at  all.  This  can  only  be  explained  as 
due  to  an  enzjmie  carrying  on  primary  cleavage  within  that  range 
of  H  ion  concentration. 

If  a  tissue  is  made  acid  for  24  hours  and  then  made  neutral  or 
alkahne,  autolysis  proceeds  undiminished.  During  the  period 
of  acid  reaction  the  bulk  of  the  tissue  is  converted  into  products  of 
primary  cleavage  which  are  then  available  for  further  cleavage  by 
the  erepsin  at  a  H  ion  level  which  easily  distinguishes  it  from  the 
primary  protease.  We  are  thus  led  to  the  conclusion  that  there 
must  be  at  least  two  enzymes  present  differing  in  their  substrata 
and  in  the  H  ion  level  at  which  they  are  active. 

The  activity  of  the  enzymes  alone  is  not  sufficient  to  account  for 
the  effect  of  added  acid.  As  has  been  shown,  the  production  of 
acid  incident  to  death,  and  we  believe  also  to  injury,  is  sufficient 
to  give  a  reaction  in  which  the  enzymes  are  all  active,  but  the 
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degree  of  digestion  depends  on  a  further  factor  which  is  bcHeved 
to  be  the  quantity  of  acid  present,  and  is  without  relation  to  the 
H  ion  level  attained.  In  the  following  experiments  typical  data 
are  given  on  which  this  conclusion  rests. 

Hydrochloric  acid  was  added  to  our  standard  liver  or  kidney 
digests  in  increasing  amounts.  The  digests  were  allowed  to  run 
for  periods  sufficienth-  long  so  that  the  reaction  had  practically 
attained  its  final  point  of  equilibrium.  The  amount  of  amino- 
acids  foimd  at  this  stage  of  the  reaction  measures  fairly  accurately 
the  amount  of  digestion  possible  under  the  given  conditions.  The 
relation,  if  one  exists,  between  quantity  of  acid  and  quantity  of 
protein  digested  can  then  be  determined.  Since  the  tissue  always 
develops  a  certain  amount  of  acid  itself,  the  increments  of  HCl  are 
added  to  this  unknown  initial  acidity,  and  this  complicates  to 
some  extent  the  interpretation  of  the  results.  In  spite  of  this 
factor,  and  the  recognized  limitations  of  the  quantitative  deter- 
minations of  amino-acids  by  the  method  used,  the  results  seem 
fairly  conclusive.  There  appears  to  be  a  linear  relation  between 
the  acid  added  and  the  amino-acids  finally  developed  in  autolysis. 
Table  IX  shows  a  typical  experiment. 

Examination  of  the  effect  of  added  acid  at  different  periods, 
and  reduced  to  the  effect  of  1  cc,  shows  how  closely  alike  the 
effect  is  through  a  range  of  25  cc.  of  0.2  n  HCl.  Only  in  the  very 
prolonged  digest  is  there  found  any  falling  off  in  the  effect  at  25  cc. 
There  is  none  at  20  cc.  This  means  that  in  this  particular  case 
the  addition  of  acid  has  produced  a  quantitative  increase  of 
substratum. 

In  Table  X  the  results  of  a  number  of  such  digests  are  summa- 
rized. Individual  differences  in  livers  will  account  for  the  differ- 
ences in  results.  In  some  livers  15  cc.  produce  the  maximum 
digestion.  More  acid  has  little  or  no  effect  because  all  the  protein 
which  acids  can  convert  into  substratum  has  been  converted.  The 
striking  feature  of  this  series  of  digests  is  the  fact  that  the  average 
figures  at  5,  10,  and  15  cc.  agree  so  closely  with  each  other. 

If  acetic  acid  is  added,  or  any  other  weak  acid,  we  find  an  effect 
in  every  way  similar  to  that  produced  by  HCl,  up  to  the  point 
where  maximum  digestion  occurs.  Beyond  this  point  HCl 
produces  marked  inhibition,  presumably  by  destruction  of  the 
enzyme.     Acetic  acid,  however,  with  its  relatively  low  dissociation 
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docs  not  raise  tho  H  ion  level  to  a  point  destructive  to  the  enzymes 
even  when  added  in  very  large  amounts.  In  Fig.  3  the  effect  of 
the  two  acids  is  compared. 

TABLE  X. 

Atnino-Acids  Referable  to  1  Cc.  of  Added  0.2  n  HCl,  at  the  Intervals  of  5,  10, 

15,  and  20  Cc. 


Digest. 

Hydrochloric  acid. 

5  cc. 

10  cc. 

15  cc. 

20  cc. 

25  cc. 

30  cc. 

I 

0.14 

0.14 

0.13 

0.083 

II 

0.105 

0.106 

0.083 

0.66 

III 

0.07 

0.105 

0.116 

0.103 

0.080 

0.07 

IV 

0.18 

0.15 

0.15 

0.15 

0.11 

V 

0.15 

0.17 

0.13 

0.11 

0.086 

VI 

0.17 

0.18 

0.17 

0.122 

VII 

0.18 

0.16 

0.14 

0.115 

Average 

0.142 

0.147 

0.141 

0.116 

0.083 

0.07 

. *  4oc 
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Fig.  3.  Effect  of  HCl  and  acetic  acid  on  pH  of  liver,  and  upon  autolysis. 
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Effects  of  Var^io^is  Acids. 

In  Tables  XI  and  XII  we  have  compared  various  acids  added 
in  equivalent  amounts.  They  represent  a  wide  range  of  disso- 
ciation, but  all  produce  maximum  autolysis  at  the  equivalent 
concentrations. 

TABLE  XI. 


Days. 

No. 

Condition. 

0 

1 

3 

8 

30 

I 

Contro 

I 

0.30 
0.30 

1.60 

2.85 

2.20 
4.50 

2.25 
4.80 

2  75 

II 

+    35  cc 

0.2 

vHCl.... 

5.50 

III 

ti 

+    50  " 

0.2 

a        it 

0,30 

3.30 

4.90 

5.30 

5.30 

IV 

a 

+    80  " 

0.2 

it        it 

0.30 

2.20 

3.35 

4.00 

4.20 

V 

n 

+  100  " 

0.2 

it       it 

0.30 

0.40 

0.55 

0.60 

0.70 

VI 

u 

+    35  " 

0.2 

"  acetic. 

0.30 

2.60 

4.70 

4.80 

5.90 

VII 

it 

+    50  " 

0.2 

ii             a 

0.30 

2.60 

4.85 

4.90 

5.70 

VIII 

tt 

+    80  " 

0.2 

it             it 

0.30 

2.85 

4.70 

4.80 

5.70 

IX 

ti 

+  100  " 

0.2 

it             it 

0.30 

3.15 

4.90 

4.75 

5.55 

X 

tt 

+    35  " 

0.2 

"  oxalic. 

0.30 

3.55 

4.80 

5.40 

5.60 

XI 

it 

+    50  " 

0.2 

it          it 

0.30 

3.70 

4.90 

5.20 

5.60 

XII 

it 

+    80  " 

0.2 

it          tt 

0.30 

3.35 

4.80 

5.00 

5.60 

XIII 

tt 

+  100  " 

0.2 

it          it 

0.30 

2.75 

4.50 

4.60 

5.40 

XIV 

it 

ric. . . 

+    35  " 

0.2 

"  buty- 

0.30 

2.65 

4.40 

4.60 

5.50 

XV 

Control 

+  50  cc. 

0.2 

N  buty- 

ric... 

0.30 

2.50 

4.45 

4.50 

5.90 

XVI 

Control 

+   80   cc 

.  0.2 

N  buty- 

ric. . . 

0.30 

2.60 

4.50 

4.55 

5.70 

XVII 

Control  +  100  cc 

0.2 

N  buty- 

ric... 

0.30 

2.60 

3.45 

1 

4.60 

5.80 

The  above  experiments  do  not  agree  with  the  results  reported 
by  Arinkin  (2)  who  believed  acids  accelerated  in  some  way  the 
enzj-mic  activity,  and  each  to  a  characteristic  degree  independent 
of  concentration  or  equivalence.  His  own  figures,  however,. show 
that  there  was  better  agreement  in  the  results  when  equivalent 
amounts  of  various  acids  were  added  than  when  similar  percent- 
ages were  present.     Arinkin  measured  autolysis  by  determining 
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the  N  in  the  filtrates  after  heat  coagulation.  When  such  figures 
are  obtained  in  the  verj^  early  stages  of  autolysis  they  represent 
initial  cleavage  only;  later,  they  represent  initial  cleavage  com- 
pleted and  secondary-  cleavage  under  wa}';  after  a  week  or  more, 
they  represent  total  autolysis  and  correspond  quite  well  with 
determinations  of  amino-acids.  Arinkin's  results,  therefore,  are 
not  necessarily'  at  variance  with  our  own,  though  his  conclusions 
are. 

The  figures  presented  in  Tables  IX  to  XII  appear  to  substan- 
tiate the  idea  that  the  cell  proteins  are  modified  by  acids  stoichi- 

TABLE  XII. 


No. 


I 

II 
III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 


Condition. 


Days. 


0 


Control 0 

"      +  35  cc.0.2    N  HCl 0. 


+  35 
+  35 
+  35 
+  35 
+  35 
+  35 


0.2 
0.2 
0.2 
0.2 
0.2 
0.2 


citric 0 

tartaric  ....  0 

formic 0 

butyric  . . . .  0 


acetic, 
lactic 


+  0.52  gm.  mucic 

+  0.69    "    salicylic 'O 

+  0.61     "     benzoic 0 


301 
302 
302 
30|2 
30*2 
302 
30,2 
303 
303 
302 
30'2 


.65 

.75 

.95 

.80 

.65 

.45 

.70 

.10 

.45|3 

.50|3 

.40  3 


.902 
.05  5 
.20 

.85|5. 
.75|4, 
.554. 
.70  5 
.20|5 
.80  5 
.30'4 
.454 


32 


.502.80 
.05  6.00 


6.20 
6.10 
6.00 
6.00 
6.25 
6.15 
00J6.10 
6516.00 
50|5.95 


Gain 
due  to 
acid. 


2.90 
3.10 
3.00 
2.90 
2.90 
3.15 
3.05 
3.00 
2.90 
2.85 


ometrically,  as  shown  by  Loeb  (11)  and  others  (12),  and  that  this 
modified  acid-protein  salt  or  its  ions  constitute  the  actual  sub- 
stratum in  autolysis. 


SUMMARY. 

1.  Following  death  the  H  ion  concentration  of  liver  cells 
increases  with  almost  explosive  rapidity.  A  maximum  of  pH  6 
(average)  is  reached  in  4  to  48  hours,  after  which  the  H  ion  con- 
centration sinks  to  about  pH  G.6  in  10  daj's.  Thereafter,  a  slow 
increase  of  acidity  is  noticed. 

2.  If  acid  is  added  the  initial  high  H  ion  concentration  sinks 
slightly  for  a  few  days  as  hydrolysis  goes  forward  and  the  bulk 
of  the  proteins  are  converted  into  amino-acids.  Thereafter,  there 
is  little  change. 
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3.  If  alkali  is  added  a  very  rapid  increase  of  the  H  ion  follows. 
This  may  be  sufficient  to  change  the  pH  from  9  to  7  +  in  24  to  48 
horn's.  The  more  alkali  added  the  more  extensive  is  the  change 
in  H  ion. 

4.  Phosphoric  acid  accounts  for  the  larger  part  of  the  increasing 
H  ion  concentrations  of  control  and  alkaline  breis. 

5.  Fatty  acids  are  produced  in  autolyzing  liver  and  by  com- 
peting with  the  proteins  for  the  basic  groups,  contribute  to  the 
increased  H  ion  concentration.  If  common  fats  are  added  to  a 
liver  they  raise  the  H  ion  level  and  increase  autolysis. 

6.  The  addition  of  acids  in  equivalent  amounts  causes  a  pro- 
portionate increase  in  amino-acids  produced.  The  relation 
between  acids  added  and  extent  of  autolysis  appears  to  be  a 
definitely  stoichiometric  one.  The  optimum  point  in  autolysis  is 
reached  when  acid  has  been  added  sufficient  to  convert  all  the 
tissue  proteins,  susceptible  of  conversion,  into  the  acid-protein 
salt.     This  constitutes  the  substratum  for  the  autolytic  enzymes. 

7.  Strong  acids  added  in  excess  of  the  amount  necessary  to 
produce  maximum  autolysis,  inhibit  digestion.  Weak  acids  added 
also  in  excess  produce  no  inhibition.  The  enzymes  appear  to  be 
destroyed  at  the  higher  H  ion  levels  produced  by  the  strong  acids. 

BIBLIOGRAPHY. 

1.  Bradley,  H.  C,  Physiol.  Rev.,  1922,  ii,  415. 

2.  Arinkin,  M.,  Z.  physiol.  Chem.,  1907,  liii,  192. 

3.  Yoshimoto,  S.,  Z.  physiol.  Chem.,  1908-09,  Iviii,  344. 

4.  Donnan,  F.  G.,  Z.  Elektrochem.,  1911,  xvii,  572. 

5.  Lane-Claypon,  J.  E.,  and  Schryver,  S.  B.,  J.  Physiol.,  1904,  xxxi,  169. 

6.  Bradley,  H.  C,  and  Taylor,  J.,  J.  Biol.  Chem.,  1916,  xxv,  363. 

7.  Dernby,  K.  G.,  /.  Biol.  Chem.,  1918,  xxxv,  179. 

8.  Bradley,  H.  C.,  J.  Biol.  Chem.,  1922,  lii,  467. 

9.  Shaffer,  P.  A.,  /.  Biol.  Chem.,  1914,  xvii,  p.  xlii. 

10.  Bradley,  H.  C.,  J.  Biol.  Chem.,  1915,  xxii,  113. 

11.  Loeb,  J.,  Proteins  and  the  theory  of  colloidal  behavior.  New  York  and 

London,  1922. 

12.  Wilson,  J.  A.,  and  Wilson,  W.  H.,  /.  .4m.  Chem.  Soc,  1918,  xl,  886. 


POSTMORTEM  ACIDITY. 
I.  THE  ACIDS  FORMED  IN  AUTOLYZING  LIVER. 

By  ELMER  L.  SEVRINGHAU8. 

{From  the  Laboratory  of  Physiological  Chemistry,  University  of  \yisconsin, 

Madison.) 

(Received  for  publication,  June  11,  1923.) 

The  reaction  of  mammalian  tissues  is  usually  supposed  to  be 
equivalent  to  or  near  that  of  the  blood,  in  the  vicinity  of  pH  7.4. 
The  reaction  of  liver  breis  a  few  hours  after  death  (1)  is  from  pH 
6.7  to  6.3.  In  the  following  days  this  may  become  as  acid  as 
pH  6.0  in  some  cases.  If  to  such  a  liver  brei  sufficient  sodium 
hydroxide  is  added  to  make  the  brei  0.02  n  the  reaction  is  near 
pH  9.  In  the  course  of  the  following  2  days  this  reaction  ap- 
proaches pH  7.0,  rapidly  at  first.  The  neutral  point  is  not  actu- 
ally reached  after  even  a  month  of  autolysis.  If  a  similar  brei  is 
made  0.02  n  with  hydrochloric  acid  the  initial  reaction  is  displaced 
to  about  pH  4.  Acid  thus  produces  about  as  great  a  change  in 
reaction  as  the  equivalent  amount  of  alkali.  As  autolysis 
proceeds  the  acidified  brei  also  approaches  neutrality,  but  much 
less  rapidly  than  the  alkaline  brei.  The  limit  of  this  decreasing 
acidity  is  about  pH  5.  Evidently  the  brei  not  only  contains 
preformed  buffers  for  the  alkali  or  acid,  but  it  develops  still 
further  buffers  for  both.  This  paper  is  concerned  with  the 
nature  of  these  buffers  developed  post  mortem. 

It  is  reasonable  to  suppose  that  the  amino-acids  and  simple 
peptides  liberated  in  autolysis  are  a  factor.  These  compounds 
would  be  e.xpected  to  buffer  alkalies  and  acids  since  they  dissociate 
both  as  acids  and  alkalies.  A  mixture  of  amino-acids  obtained 
by  hydrolysis  of  the  liver  may  be  expected  to  have  approximately 
as  much  buffering  action  for  one  as  for  the  other.  The  pH 
measurements,  however,  show  that  very  small  changes  of  reac- 
tion occur  in  the  acid  breis  where  large  amounts  of  the  amino- 
acids  are  being  liberated.     The  increased  buffer  effect  of  amino- 
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acids  over  the  protein  itself  against  acid  is  thus  seen  to  be  small, 
or  counteracted  by  the  production  of  other  acids  in  the  digests. 
In  the  alkaline  breis  where  there  is  no  digestion  of  protein  going 
on  the  reaction  is  found  to  change  most  markedly.  We  are 
therefore  led  to  believe  that  some  stronger  acids  are  liberated  in 
the  course  of  autolysis.  Lactic  acid  is  usually  supposed  to  be 
responsible  for  the  acidity  of  tissues  post  mortem.  Carbonic 
acid,  phosphoric  acid,  and  the  fatty  acids  are  other  possibilities 
to  be  studied. 

Fatty  Acids. — The  fatty  acids  would  not  directly  affect  the 
H  ion  concentration  because  of  insolubility.  They  will  combine 
with  the  bases  in  alkaline  digests,  however,  if  hydrolysis  of  the 
fats  occurs  and  thus  tend  to  raise  the  H  ion  level  at  least  to  that 
of  a  dilute  soap  solution.  As  a  matter  of  fact  it  has  been  shown 
in  previous  work  from  this  laboratory  (1)  that  fatty  acids  will 
raise  the  H  ion  of  a  normal  brei  through  a  range  of  about  pH  6.6  to 
6.4.  The  fatty  acids  liberated  in  an  autolyzing  liver  are,  therefore, 
theoretically  important  in  proportion  to  the  amounts  present. 
The  soaps  formed  should  also  tend  to  buffer  a  rising  acidity  due 
to  water-soluble  acids  formed.  To  evaluate  the  fatty  acid  effect 
a  series  of  pig  liver  breis  was  set  up  in  the  usual  manner  and  kept 
at  36°C.  When  var^ang  amounts  of  liver  were  used  the  same 
proportions  of  water,  toluene,  and  other  added  materials  were 
employed  as  in  the  other  autolysis  experiments.  Breis  were 
neutralized  to  litmus  with  phosphoric  acid,  boiled,  and  filtered. 
The  fat  and  fatty  acid  content  were  determined  by  Soxhlet 
extraction  of  the  dried  coagula.  Free  fatty  acids  were  titrated 
directly,  combined  fatty  acids  by  the  saponification  method.  The 
results  in  both  titrations  are  reported  in  terms  of  cc.  of  0.2  n  fatty 
acid  per  100  gm.  of  liver,  in  Table  I. 

The  amounts  of  fatty  acid  liberated  in  the  brei  are  to  be  com- 
pared with  the  amount  of  alkali  which  such  a  brei  can  buffer. 
Breis  made  0.01  n  with  sodium  hydroxide  reach  approximately 
pH  7.0  at  the  end  of  2  days;  the  0.02  n  breis  are  between  pH  7.0 
and  8.0.  These  breis  contain  25  and  50  cc.  of  0.2  n  alkali  per 
100  gm.  of  liver.  Fatty  acids,  therefore,  may  be  said  to  have  a 
small  but  not  inconsiderable  part  in  buffering  the  alkali.  Their 
importance  may  be  exaggerated  here  because  small  amounts  of 
lactic  acid  or  other  acids  soluble  in  both  water  and  ether  may  be 
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included.  On  the  other  hand,  the  use  of  phenolphthalein  for 
these  titrations  tends  to  reduce  the  amount  of  acid  found.  The 
use  of  th;>Tiiolphthalein  to  give  a  true  end-point  (2)  was  not 
possible  because  of  the  deep  yellow  color  of  the  alcoholic  solu- 
tions. It  will  be  noted  that  the  fatty  acids  free  in  the  digests 
increase  with  time  as  would  be  expected  from  the  known  lipolytic 
activity  of  the  liver.  The  neutral  fats,  however,  do  not  decrease. 
This  means  that  the  cytolytic  and  dispersing  action  of  the  alkali 
makes  more  total  fat  available  with  time,  just  as  happens  in 
enz3Tnatic  digestion  of  a  tissue  (3) . 

Water-Soluble  Acids. — To  gain  an  idea  of  how  much  water- 
soluble  acidity  there  is  formed  in  autolysis  a  series  of  breis  was 
set  up  with  pig  liver  about  6  hours  after  death  of  the  animals.     The 

TABLE  I. 


Brei  content. 

Time 
of  autolysis. 

0.2  N  fatty  acid  per  100  gm. 
liver. 

Preformed. 

From  fats. 

200  gm.  liver  and  0.01  n  NaOH. 
200  gm.  liver  and  0.02  n  NaOH. 

hrs. 

0 
20 

48 

0 
20 

48 

cc. 

6.9 

8.6 

11.4 

3.5 

7.8 
10.7 

cc. 
17.2 
21.2 
19.4 

25.9 
25.1 
25.9 

breis  were  boiled  to  obtain  clear  filtrates.  The  breis  to  which 
acid  or  alkali  had  been  added  were  neutralized  by  adding  the 
exact  equivalent  of  sodium  hydroxide  or  sulfuric  acid  before  heat 
was  applied.  The  coagulum  was  twice  boiled  in  about  400  cc.  of 
water  and  the  filtrates  were  combined.  For  titration  the  mixed 
filtrate  was  divided  into  halves  which  were  tritated  with  0.2  n 
alkali,  using  phenolphthalein.  One-half  served  as  a  color  blank 
for  the  other.  Both  halves  were  titrated.  In  twenty-one  such 
determinations  the  greatest  deviation  from  the  mean  of  a  pair  was 
3.3  per  cent,  while  the  series  averages  1.6  per  cent  deviation. 
In  Table  II  are  shown  the  results  of  two  such  series. 

The  initial  amounts  of  acid  in  the  two  series  and  for  control, 
acid,    and   alkaline   breis   are   strikingly   similar.     The   marked 
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increases  are  seen  in  the  first  24  hours,  inchiding  probably  some 
survival  processes  (4)  as  well  as  autolytic  changes.  The  acidified 
breis  develop  far  more  acid  than  the  others,  and  there  is  no  indi- 
cation of  a  maximum  in  the  48  hour  periods  studied.  In  the 
alkaline  and  in  the  control  breis  31  to  33  cc.  of  0.2  n  acid  are 
found  after  48  hours.  Comparison  with  the  50  cc.  of  alkali  added 
to  the  alkaline  breis  shows  that  over  CO  per  cent  of  this  has  been 
neutralized  by  water-soluble  acids.  This  titration  is  significant 
because  the  actual  H  ion  concentration  in  these  breis  at  this 
time  is  about  pH  8.0,  near  the  end-point  for  phenolphthalcin. 

TABLE  II. 


Time  of 
autolysis. 

0.2  N 

acid. 

Brei  content. 

Fixed  water-soluble. 

CO2 

Total. 

(1) 

(2) 

(2) 

(2) 

hrs. 

cc. 

cc. 

cc. 

cc. 

100  gm.  liver. 

0 

14.8 

13.9 

5 

18.9 

24 

29.9 

30.7 

8 

38.7 

48 

30.2 

30.7 

6 

36.7 

100  gm.  liver  and  50  cc. 

0 

15.3 

14.5 

5 

19.5 

0.2  N  NaOH. 

24 

31.7 

30.7 

10 

40.7 

48 

31.0 

33.0 

13 

46.0 

100  gm.  liver  and  50  cc. 

0 

12.3 

14.2 

5 

19.2 

0.2  N  H2SO4. 

24 

63.9 

61.3 

4 

65.3 

48 

91.8 

78.8 

7 

85.8 

120 

88.0 

8 

96.0 

Carbonic  Acid. — Although  it  is  evident  that  water-soluble 
fixed  acids  are  the  most  considerable  factor  in  the  acidity  of  the 
tissue  and  in  the  buffering  of  alkali  added  to  a  brei,  carbon 
dioxide  must  be  a  factor  in  both.  It  was  boiled  off  before  the 
titrations  were  made.  Carbon  dioxide  was  determined  in  these 
same  breis  after  mi.xing,  but  before  heat  was  applied.  The  digestion 
bottles  were  stoppered,  though  not  absolutely  gas-tight.  The 
simple  and  acid  digests  have  therefore  lost  a  small  amount  of 
their  carbon  dioxide,  while  the  alkaline  digests  have  had  no 
increase  absorbed  from  the  air.  The  determinations  of  carbon 
dioxide  were  made  by  measuring  a  sample  of  the  brei  into  a  glass 
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stoppered  burette,  2  cc.  of  20  per  cent  tartaric  acid  were  added, 
the  burette  was  stoppered  and  rotated  for  2  minutes  with  the  axis 
horizontal.  This  equihbration  burette  was  connected  with  a  gas 
burette,  the  air  displaced  into  the  latter  by  acidulated  water,  and 
the  carbon  dioxide  content  determined  by  the  decrease  in  volume 
after  shaking  with  alkali.  Below  pH  8.0  carbon  dioxide  is  assmned 
to  be  in  combination  as  bicarbonate.  From  the  volume  of  gas 
measured,  corrected  to  standard  conditions,  we  have  calculated 
the  cc.  of  0.2  N  CO2  as  BHCO;j.  These  values  should  then  be 
added  to  the  water-soluble  fixed  acids  to  give  the  totals.  In 
Table  II  are  given  the  results  of  such  determinations.  The  last 
column  shows  the  total  of  the  water-soluble  fixed  acids  and  the 
carbonic  acid  in  the  same  experiment.  This  analysis  emphasizes 
the  importance  of  the  fixed  water-soluble  acids. 

Lactic  and  Phosphoric  Acids. — The  acidified  digests  produce 
far  more  acid  than  the  controls  or  the  alkaline  samples.  Yet  the 
H  ion  concentration  of  the  acid  breis  is  known  to  return  somewhat 
toward  the  neutral  point  from  the  very  beginning  of  autolysis. 
This  change  is  in  the  range  of  pH  4.0  to  5.0.  The  acids  formed 
must  consequently  be  largely  water-soluble  weak  acids.  Lactic 
and  phosphoric  acids  are  to  be  considered.  For  the  determina- 
tions of  these  acids  the  breis  were  freed  from  protein  by  the  use  of 
mercuric  chloride  in  hydrochloric  acid  solution  (5).  Portions  of 
the  protein  and  mercury-free  filtrates  were  reserved  for  the 
determination  of  the  inorganic  phosphorus  content.  The  larger 
portions  of  these  filtrates  were  concentrated  on  the  water  bath, 
keeping  the  reaction  slightly  acid.  The  sirupy  concentrate  was 
acidified  with  10  cc.  of  concentrated  phosphoric  acid,  mixed  with 
plaster  of  Paris,  and  allowed  to  dry  thoroughly.  This  mass  was 
powdered  and  then  subjected  to  continuous  hot  ether  extraction 
for  16  hours  or  more  (6).  The  residue  after  evaporation  of  the 
ether  was  made  up  to  100  cc.  with  water  and  tested  for  /S-lwdroxy- 
butyric  acid  (7).  In  no  case  was  a  trace  found.  The  liquid  was 
used  for  the  determination  of  the  lactic  acid  by  the  von  Fiirth- 
Charnass  method  (8).  In  the  first  series  the  preparation  of  the 
zinc  lactate  was  omitted;  in  the  second  the  complete  technique 
was  followed.  The  second  series  is  therefore  more  accurate,  since 
the  disturbing  presence  of  phosphoric  acid  is  eliminated.  The 
method  was  found  to  yield  95  and  101  per  cent  of  the  theoretical 
with  pure  zinc  lactate;  the  author's,  averages  onh'  89  per  cent. 
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Inorganic  phosphorus  was  determined  by  the  Bcll-Doisy  method 
for  blood  phosphorus  (9),  using  the  protein  and  mercury-free 
filtrate  instead  of  the  trichloroacetic  acid  filtrate.  The  results 
are  calculated  to  mg.  of  phosphorus  per  100  gm.  of  liver.  In  the 
H  ion  range  covered  b}^  these  breis  phosphoric  acid  acts  as  a 
mixture  of  a  mono-basic  and  a  di-basic  acid  (10).  Not  until  the 
reaction  is  about  pH  9.0  does  all  the  phosphoric  acid  become  di- 
basic. It  is  purely  mono-basic  when  more  acid  than  pH  4.5.  The 
simplest  approximation  is,  therefore,  to  calculate  the  phosphorus 

TABLE  III. 


Time  of 
autolysis. 

Acid  liberated  per  100  gm.  liver. 

Brei  content. 

Lactic 

acid. 

Phosphoric  acid. 

(1) 

(2) 

(1) 

(2) 

(1) 

(2) 

(1) 

(2) 

hrs. 

mg. 

mg. 

cc. 
0.2  N 

cc. 
0.2  s 

mg.P 

mg.P 

cc. 
0.2  m 

cc. 
O.Su 

100        gm. 

0 

115 

29 

6.4 

1.6 

94 

95 

15 

15 

liver. 

24 

79 

46 

4.4 

2.6 

175 

105 

28 

17 

48 

166 

46 

9.2 

2.6 

217 

212 

35 

34 

120 

67 

3.7 

100        gm. 

0 

117 

6.5 

96 

15 

liver  and 

24 

268 

14.9 

134 

22 

0.02       N 

48 

42 

2.3 

150 

24 

H2SO4. 

100        gm. 

0 

26 

1.5 

86 

14 

liver  and 

24 

25 

1.4 

136 

22 

0.02        N 

48 

56 

3.1 

254 

41 

NaOH. 

120 

18 

1.0 

266 

43 

to  cc.  of  0.2  M  acid,  and  use  these  figures  for  comparison  with  0.2  n 
acid  and  alkali.  This  method  underestimates  the  alkali-com- 
bining power  of  phosphoric  acid.  The  real  power  is  between  one 
and  two  times  as  great  as  these  figures  indicate,  depending  on  the 
H  ion  level  in  any  particular  case.  In  Table  III  are  presented 
some  results  of  such  analyses  in  two  series. 

As  mentioned  above,  the  second  series  of  determinations  of 
lactic  acid  is  more  trustworthy,  due  to  the  use  of  the  complete 
technique.  It  is  perhaps  surprising  to  note  how  little  of  the 
acidity  of  the  breis  may  be  attributed  to  lactic  acid.     Although 
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both  the  control  and  alkaUne  breis  show  increases  in  their  lactic 
acid  content  this  is  almost  insignificant  as  compared  with  the 
titrated  acidity  of  similar  breis.  On  the  other  hand,  the  phos- 
phoric acid  shows  as  great  or  greater  increases  relativeh%  and 
when  these  amounts  are  calculated  to  0.2  m  acid  the  amounts  are 
sufficient  to  account  for  most  of  the  titratable  acidity. 

It  is  evident  that  in  acid  breis  the  formation  of  phosphoric 
acid  is  definitely  retarded  as  compared  with  the  control  breis, 
while  in  the  alkaline  digests  the  liberation  of  phosphoric  acid  is 
increased.  This  is  remarkable  in  view  of  the  different  conduct 
of  the  titratable  acidity.  The  alkaline  digests  show  very  little 
gain  in  acids  over  the  controls,  but  the  acid  digests  increase  the 


TABLE  IV. 

Relative  Importance  of  Acids  in  Liver  Autolysis. 


Acid. 

0.2  Nacid. 

Percentage  of  total. 

Initial. 

48  hrs. 

Initial. 

48  hrs. 

Fatty  acids 

cc. 

3.5 

5 

1.5 
14 
24 

cc. 

10.7 
13 
3.1 
41 

67.8 

per  cent 

14.6 

20.8 

6.3 

58.3 

100.0 

per  cent 

15.8 

Carbon  dioxide,  as  bicarbonate  . . . 

Lactic  acid 

Phosphoric  acid,  0.2  m 

Total 

19.2 

4.6 

60.4 

100.0 

Water-soluble  acids 

14.9 

32.0 

acid  content  markedly.  This  increase  of  acids  in  the  acidified 
breis  must  be  due  to  some  other  acids  than  carbonic,  lactic, 
phosphoric,  or  /3-hydroxybutyric  acids. 

The  relative  importance  of  the  different  acids  studied  may  be 
pointed  out  by  means  of  Table  IV.  The  figures  for  the  various 
acids  are  taken  from  the  preceding  tables.  To  simplify  compari- 
son only  those  breis  are  considered  which  were  made  0.02  n  with 
alkali.  The  initial  sample  and  the  48  hour  sample  are  placed 
in  the  adjacent  columms  to  show  the  increases  in  the  buffers  for 
alkali.  The  sum  of  the  four  acids  represents  the  total  buffer  for 
the  added  alkali,  assuming  that  there  are  no  other  acids  concerned. 
Using  this  total  as  100  per  cent  the  relative  importance  of 
the  four  acids  is  shown  in  the  last  two  columns  in  per  cent. 
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It  is  reasonable  to  assume  that  there  are  no  other  acids  of 
importance  in  buffering  the  50  ec.  of  0.2  n  sodium  hydroxide  added. 
If  oO  cc.  of  0.2  X  strong  acid  were  added  to  such  an  alkaline  brei  its 
H  ion  should  be  near  that  of  the  control  brei.  The  alkaline  breis 
never  become  actually  acid,  even  though  the  amounts  of  various 
buffers  may  more  than  equal  the  molecular  equivalents  of  alkali 
added.  The  reason  is  obviously  that  the  buffering  acids  are  weak, 
and  the  salts  are  hydrolyzed  with  the  maintenance  of  an  alkaline 
reaction.  As  the  reaction  becomes  more  acid  than  pH  8.0  the 
buffering  due  to  fatty  acids  and  carbon  dioxide  decreases  in 
importance  and  that  due  to  phosphoric  acid  and  lactic  acid 
becomes  relative!}'  more  important.  After  48  hours  the  sum  of 
the  lactic  and  phosphoric  acids  is  more  than  enough  to  account 
for  the  titratable  water-soluble  acid  in  similar  digests.  The  lack 
of  more  exact  agreement  is  not  surprising  in  view  of  the  method 
of  determining  phosphoric  acid  by  calculation  from  the  content 
of  inorganic  phosphorus,  and  of  the  use  of  separate  liver  samples 
for  the  different  determinations. 

It  is  apparent  that  all  four  of  the  acids  studied  increase  in  liver 
autolysis.  The  order  of  importance  of  the  four  acids  does  not 
change  in  the  48  hour  period.  But  lactic  acid  becomes  less 
important  than  at  first,  while  phosphoric  acid  and  the  fatty  acids 
become  more  important.  Most  striking  is  the  predominant 
importance  of  phosphoric  acid  throughout.  The  lactic  acid  is 
probably  the  result  of  survival  processes  (4) ,  but  the  liberation  of 
fatty  acids  and  phosphoric  acid  are  processes  that  continue  with 
autoh'sis. 

]\Iost  of  the  previous  work  on  lactic  acid  formed  in  autolj'zing 
tissues  is  subject  to  Fletcher's  criticisms  (4)  of  infection  of  the 
digests  or  to  the  confusion  of  survival  processes  with  a  continuing 
autolysis.  Ssobolew  (11)  found  that  in  the  autolysis  of  liver 
lactic  acid  increases  from  31  to  88  cc.  of  0.2  n  acid  per  100  gm.  of 
liver.  His  method,  however,  included  all  water-soluble  acids, 
and,  consequently,  phosphoric  acid.  The  amounts  of  lactic  acid 
found  in  the  experiments  described  in  this  paper  agree  well  with 
results  obtained  from  dog  and  rabbit  livers.  Using  the  older 
zinc  lactate  method  with  care,  dog  livers  perfused  with  blood  were 
found  to  contain  55  to  98  mg.  or  3  to  5.5  cc.  of  0.2  n  lactic  acid 
per  100  gm.  of  liver  (12).     More  recently,  using  the  complete 
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method  of  Embden  (5),  rabbit  livers  were  found  to  contain  an 
average  of  36  mg.  or  2  cc.  of  0.2.x  lactic  acid  per  100  gm.  of  liver 
(13).  The  amounts  of  phosphorus  liberated  in  autolyzing  liver 
have  been  confirmed  in  work  appearing  since  these  experiments 
were  completed  (14).  Using  standard  gravimetric  methods  the 
inorganic  phosphorus  content  of  pig  liver  after  4  days  autoh'sis 
was  191  mg.  per  100  gm,,  after  8  days  it  was  260  mg.  per  100  gm. 
of  liver.  These  values  are  of  the  same  order  of  magnitude  as 
those  given  for  the  48  and  120  hour  deteiTuinations  in  Table  III. 

SUMM.iEY. 

The  acid  content  of  sterile  autolyzing  pig  liver  increases  with 
time.  In  simple  breis  of  water  and  liver,  and  in  those  made 
alkaline  this  increase  is  largely  complete  within  the  first  24  hours 
of  autolysis.  In  acidified  breis  the  increase  goes  on  for  a  con- 
siderably longer  time,  and  with  the  production  of  a  larger  amount 
of  acid.  The  amounts  of  acid  produced  in  the  simple  and  alkaline 
breis  are  similar.  In  alkaline  breis  the  relative  importance  of  the 
acids  is:  phosphoric,  carbonic,  fatty,  and  lactic  acids.  The 
phosphoric  acid  represents  more  than  the  others  combined.  In 
the  water-soluble  and  non-volatile  acidity  of  liver,  phosphoric 
acid  is  at  least  ten  times  as  important  as  lactic  acid. 
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POSTMORTEM  ACIDITY. 

II.  PHOSPHORIC  ACID  LIBERATION  IN  LIVER  AUTOLYSIS. 

By  ELMER  L.  SEVRINGHAUS. 

{From  the  Laboratory  of  Physiological  Chemistry,  University  of  Wisconsin, 

Madison.) 

(Received  for  publication,  June  11,  1923.) 

Since  phosphoric  acid  is  the  most  important  fraction  of  the 
acidity  of  hver  post  mortem  (1),  it  is  of  interest  to  study  in  detail 
the  factors  which  control  the  development  of  this  acid.  The 
standard  liver  digests  employed  in  the  earlier  work  were  also  used 
for  this  study.  Digestion  was  stopped  and  the  proteins  were 
precipitated  by  the  use  of  trichloroacetic  acid.  The  inorganic 
phosphorus  content  of  the  filtrates  was  determined  by  the  Briggs 
modification  of  the  Bell-Doisy  method  (2).  The  method  is  far 
more  satisfactory  than  the  original  Bell-Doisy  method,  since 
there  is  no  fading.  The  range  over  which  the  color  intensity  is 
accurately  proportional  to  the  amount  of  phosphorus  present  is 
from  0.5  to  2.0  times  the  amount  used  as  a  standard.  It  is  desire- 
able  that  the  time  allowed  for  color  development  should  be  an 
hour  rather  than  a  half  hour  as  stated  by  Briggs.  The  full  color 
is  developed  by  the  end  of  an  hour;  it  is  94  per  cent  complete  in 
half  an  hour.  There  is  no  further  intensification  of  the  color  by 
the  end  of  3  hours.  Heat  cannot  be  used  to  accelerate  this 
reaction.  If  the  mixed  reagents  are  heated  in  boiling  water  for 
even  2  minutes,  the  molybdic  acid  is  reduced  with  the  production 
of  an  intense  blue  color.  This  reduction  of  molybdic  acid  by 
hydroquinone  takes  place  at  room  temperatures,  but  so  slowly 
that  a  blue  color  can  be  detected  only  after  4  hours,  using  the 
reagents  in  the  proportions  for  the  phosphorus  determination. 

Dog  livers  were  used  for  the  experiments  here  reported,  in  order 
to  secure  material  for  study  from  the  very  first  moments  after 
death.     Preliminary   studies   showed   that  the   increase   in   the 
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inorganic  phosiilionis  content  was  most  rapid  at  this  time.  A  dog 
was  shot  through  the  brain,  bled  at  once  from  the  neck,  and  the 
Hver  removed,  ground,  and  a  series  of  breis  prepared.  One  was 
used  as  a  control,  one  was  made  0.02  n  with  sodium  hydroxide, 
another  0.01  x  with  sulfuric  acid,  and  another  0.02  n  with  acetic 
acid.  Initial  samples  were  taken  from  each  as  rapidly  as  possible, 
and  at  intervals  afterward.  The  development  of  the  inorganic 
phosphorus  is  shown  in  Table  I  and  Fig.  1,  typical  of  several  such 
experiments. 

The  curve  for  the  brei  made  acid  with  sulfuric  acid  is  not  shown 
because  it  is  almost  identical  with  that  for  acetic  acid.  The  three 
upper  curves  represent  the  entire  course  of  the  autolysis  for  20 
days.  The  lower  curves  present  the  same  data  for  the  first  6^ 
hours  only,  plotted  with  the  same  scale  of  phosphorus  on  the 

TABLE  I. 

Inorganic  Phosphorus  in  Mg.  per  100  Gm.  of  Liver. 


Hrs. 

Days. 

1 

59.7 
64.5 
62.0 
61.5 

2 

80.6 
77.5 
77.0 
83.3 

6i 

119 
96 
94 

138 

24 

178 
148 
141 
211 

2 
201 

183 
190 
250 

6 

272 
237 
239 

298 

20 

Control 

21.4  (10  min.) 
22.1  (10  min.) 

55.5  (25  min.) 
37.4  (20  min.) 

?m 

0.02  X  acetic  acid 

0.01  N  H2SO4 

259 

0.02  N  NaOH 

310 

ordinate  axis,  but  with  the  time  scale  magnified  48  times.  The 
curves  show  a  distinct  increase  in  the  amount  of  phosphorus 
liberated  in  the  alkaline  breis,  and  a  corresponding  decrease  in  the 
amount  formed  in  acid  breis.  This  variation  from  the  control 
curves  becomes  definite  after  the  1st  hour.  The  differences  are 
maintained  indefiniteh'.  These  differences  between  acid,  alkaline, 
and  control  digests  are  largely  complete  by  the  end  of  the  1st  day  of 
digestion.  This  may  be  explained  as  a  survival  process,  analagous 
to  the  formation  of  lactic  acid  in  surviving  muscle  (3).  In  the 
latter  case  the  presence  of  alkali  makes  possible  the  production 
of  more  acid,  the  presence  of  acid  depresses  the  liberation  of 
lactic  acid. 

If  the  curves  in  Fig.  1  are  projected  backward  toward  the  time 
of  death  they  would  indicate  that  the  content  of  inorganic  phos- 
phorus in  the  tissue  in  life  must  be  less  than  10  mg.  per  100  gm., 
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or  of  the  order  of  magnitude  of  that  in  the  blood.  Attempts  were 
made  to  decrease  still  further  the  time  between  death  and  the 
initial  sampling  of  the  brei.  It  seems  possible  that  when  death  is 
caused  by  a  shot,  or  any  other  similar  trauma,  the  violent  nervous 
stimulation  that  always  ensues  might  well  cause  an  explosive 
metabolism  of  phosphorus  in  the  liver  just  as  it  causes  violent 
muscular  contraction  with  the  liberation  of  lactic  and  phosphoric 
acids.     To  minimize  this  effect  a  dog  was  etherized,  the   liver 
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Fig.  1. 

ligated  with  minimal  handling,  and  excised  while  the  annual  was 
alive.  The  curve  and  the  data  from  a  typical  experiment  are 
given  in  Table  II  and  Fig.  2. 

In  such  experiments,  with  more  frequent  sampling  of  the  breis 
than  before,  it  became  apparent  that  the  curves  cannot  be  legiti- 
mately projected  backward.  There  is  an  initial  period  of  about 
half  an  hour  in  which  the  inorganic  phosphorus  content  of  the  brei 
shows  little  or  no  change.  The  same  result  was  obtained  in  a  dog 
killed  an  hour  and  a  half  after  the  spinal  cord  had  been  cut  in  the 
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upper  dorsal  region.  These  determinations  do,  however,  give  the 
lowest  initial  inorganic  phosphorus  contents  of  dog  liver,  12.6, 
15.0,  and  19.7  mg.  per  100  gm.  This  initial  lag  in  the  curve  need 
not  be  interpreted  in  terms  of  nervous  excitation  or  enzyme 
activation.     It  is  a  temperature  effect. 

This  production  of  inorganic  phosphorus  is  enzymatic,  for  it  may 
be  arrested  by  boiling  the  brei.     If  a  liver  brei  is  prepared  and 


TABLE  II. 


Min. 

Hrs. 

Days. 

Time  after  removal  of  liver 

6 
12.6 

10 

12.7 

17 

12.6 

32 

25 

51 

37.4 

2J 
71 

6 
116 

24 

149 

7 

207 

125 

Inorganic  phosphorus 

261 

Hours  0 


sampled  several  times  during  the  first  half  hour,  then  boiled  and 
the  sampling  continued,  the  increase  is  no  longer  apparent.  In 
Table  III  are  data  from  such  an  experiment.  The  results  appear 
graphically  in  Fig.  2.  At  the  point  marked  "B"  the  digest  was 
heated  to  boiling.  The  increased  phosphorus  content  after  6 
and  120  daA's  incubation  is  no  more  than  may  be  expected  from 
the  spontaneous  hydrol3^sis  of  such  an  acid  brei  kept  at  36 °C. 
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Further  analysis  of  the  effect  of  temperature  was  necessary. 
The  work  so  far  had  been  done  at  usual  laboratory  temperatures, 
with  all  utensils  and  reagents  at  about  20°C.  The  lag  in  the 
increase  of  inorganic  phosphorus  is  really  due  to  the  chilling  of 
the  tissue  by  postmortem  handling,  followed  by  an  increase  as 
the  digest  is  warmed  up  in  the  incubator.  This  was  demon- 
strated as  follows:  A  dog  was  shot,  bled,  and  carried  at  once  into 
a  room  maintained  at  5°C.  All  the  utensils  and  reagents  for  the 
experiment  had  been  kept  in  the  room  long  enough  to  attain  the 
low  temperature.  The  liver  was  quickly  removed  and  packed  in 
melting  snow  for  10  minutes.  The  brei  was  then  prepared  as 
usual  but  kept  at  5°C.  After  several  samples  had  been  taken 
in  the  course  of  the  hour  following  death,  the  brei  was  heated  to 
36°C.  in  a  water  bath,  and  kept  as  usual  at  this  temperature. 
Another  dog  was  shot  and  bled,  and  the  liver  removed  for  the 

TABLE  III. 


Min. 

Hrs. 

Days. 

11 

24.1 

16 
28.3 

20 

32.8 

30 

50 

6 

57.5 

24 

59.3 

6 
65 

120 

Inorganic  phosphorus 

38.8* 

56.7 

83.3 

Brei  was  boiled  after  30  minutes  autolysis. 


usual  brei  preparation,  this  time  performing  the  entire  experi- 
ment in  the  constant  temperature  room  at  36°C.  The  results 
of  such  a  paired  experiment  are  given  in  Table  IV  and  Fig.  3. 
The  entire  experiment  was  repeated  with  similar  results. 

It  is  apparent  that  the  lag  in  the  curve  of  phosphorus  liberation 
may  be  prolonged  by  lowering  the  temperature  to  the  point  of 
preventing  or  minimizing  enzyme  action. 

The  concentration  of  inorganic  phosphorus  at  the  moment  of 
death  cannot  be  deduced  with  certainty  from  these  experiments. 
There  is  as  much  in  the  liver  chilled  before  being  ground  as  in 
that  ground  in  the  room  at  body  temperature.  It  would  seem 
reasonable  to  project  backward  the  curves  for  phosphorus  libera- 
tion at  body  temperature  except  for  the  uncertain  effect  which 
grinding  may  have  on  the  process.  The  lowest  concentrations 
determined  were  in  those  animals  from  which  the  livers  were 
excised  before  death,  but  under  anesthesia.     In  these  cases  the 
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digestion  was  stopped  with  trichloroacetic  acid  in  6  to  7  minutes 
after  the  removal  of  the  liver  from  the  animal.  The  inorganic 
phosphorus  content  of  live  and  resting  liver  must  be  less  than  these 
values;  i.e.,  12. G,  15,  and  19.7  mg.  per  100  gm.  of  liver. 

TABLE  IV. 
Inorganic  Phosphorus  in  Mg.  per  100  Gm.  of  Liver. 


Min. 

Hrs. 

Time  after  death 

9 
24.5 

15 

30.3 

25 

25 

47.6 

35 
54 

41 

24.5 

45 

60 

li 

2 

49 
80.6 

6 

123 

6i 

°C. 

5 

36 

59.2 

25 

64.1 

24.2* 

102 

*  The  5°C.  brei  was  warmed  to  36°C.  just  before  the  1§  hour  sample 
was  taken. 
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In  muscle  the  liberation  of  inorganic  phosphorus  follows  a 
different  course.  In  Fig.  3  is  shown  the  curve  of  the  phosphorus 
liberation  in  leg  muscle  of  the  same  dog  from  which  the  liver  was 
obtained  for  the  experiment  at  body  temperature.  The  muscle 
was  handled  like  the  liver  in  this  case.  The  data  for  this  experi- 
ment appear  in  Table  V. 
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In  muscle  there  is  a  more  rapid  rise  of  the  inorganic  phosphorus 
content  and  an  earlier  approach  to  an  equilibrium  condition  than 
is  the  case  in  liver.  The  muscle  breis  continue  to  increase  in 
phosphoric  acid  as  do  livers,  but  at  a  much  slower  rate,  and  with 
a  much  lower  total  phosphorus  liberation.  The  prominent  factor 
here  is  the  early  formation  of  large  amounts  of  phosphoric  acid, 
to  be  identified  with  the  breakdown  of  lactacidogen.  This  process 
is  evidently  complete  by  the  end  of  2  hours  after  the  death  of  the 
animal,  as  assumed  by  Embden  and  coworkers  (4). 

TABLE  V. 

Inorganic  Phosphorus  in  Mg.  pei'  100  Gm.  of  Muscle. 


Min. 

Hrs. 

Days. 

28 

56.2 

37 

62.9 

45 

69.7 

60 

72.5 

2 

76.9 

6 

80.9 

2i 

104 

8     1    46 

Inorganic  phosphorus 

125 

154 

SUMMARY. 

Dog  liver  breis  prepared  and  kept  at  body  temperature  show  a 
rapidly  increasing  content  of  inorganic  phosphorus.  If  the  tissue 
is  chilled  in  the  preparation  of  the  brei  this  increase  is  delayed. 
The  addition  of  alkali  causes  a  greater  increase,  while  acid  causes 
less  increase  than  in  breis  made  of  liver  and  water,  preserved  with 
toluene.  The  liberation  of  inorganic  phosphorus  is  enzymatic, 
and  is  thought  to  include  a  survival  process  as  well  as  a  more 
prolonged  autolytic  liberation  of  phosphoric  acid.  The  lowest 
inorganic  phosphorus  contents  recorded  range  from  12.6  to  19.7 
mg.  per  100  gm.  of  liver. 
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In  a  previous  publication  from  this  laboratory  it  has  been  shown 
to  be  possible  to  isolate  from  the  nucleus  of  the  tubercle  bacillus 
a  nucleic  acid  in  amounts  corresponding  to  about  1.5  per  cent  of 
the  weight  of  the  original  bacilli.  In  this  publication  we  reported 
no  figures  indicating  the  composition  of  this  acid  and  from  the 
facts  which  were  available  at  that  time  we  were  unable  to  state 
whether  the  acid  isolated  by  us  was  a  true  tetranucleotide  or  a 
degradation  product  of  a  true  nucleic  acid.  In  order  to  obtain 
further  light  upon  this  question  we  have  repeated  our  work  and 
isolated  by  our  method  tuberculinic  acid  in  larger  quantities, 
subjected  it  to  the  recommended  methods  of  purification,  and 
submitted  our  final  product  to  a  complete  analysis.  We  have 
also  found  that  it  is  not  necessary  to  use  alkali  for  the  extraction 
of  the  greater  portion  of  the  nucleic  acid  contained  in  the  tubercle  , 

bacilli,  but  that  water  is  abetter  solvent  for  this  purpose.     Aside  | 

from  the  fact  that  more  nucleic  acid  is  obtained  when  water  is  » 

used  as  the  solvent,  then  followed  with  alkali,  a  crude  product  is 
obtained  easier  of  purification  and  more  representative  of  the 
true  nucleic  acid  contained  in  tubercle  bacilli.  From  the  results 
of  our  analytical  determinations  we  are  now  led  to  the  conclusion 
that  the  final  product  from  our  purification  is  not  a  tetranucleo- 
tide, but  a  trinucleotide  containing  the  purine,  adenine,  and  the 
two  pyrimidines,  thymine  and  cytosine,  which  provisionally 
may  be  represented  as  on  the  following  page.^ 

*  This  work  was  done  under  a  grant  from  the  Committee  on  Medical 

Research  of  the  National  Tuberculosis  Association.  -  ij 

^  The  manner  of  linkage  of  the  above  nucleotides  and  the  order  of  ]! 

arrangement  are  arbitrarily  assigned.  f 

199  I 


200  Analysis  of  Tuberculinic  Acid 


HO 

\ 

0  =  P0- — C6H,o04 C6H4N5 

jjQ  ^/  Adenine  group). 

\                                 I 
0  =  P0 CeHsO, CoHsN.O, 

_._/  Thymine  group. 

HO  A 

HO  V 

\  I 

O  =  PO CeH  9O3 C4H4N3O 

jTQ^  Cytosine  group. 

In  other  words,  in  the  case  of  tuberculinic  acid  we  are  dealing 
with  a  substance  of  marked  instabilitj^  and  in  the  process  of  puri- 
fication the  guanine  nucleus  is  spHt  off  from  the  molecule  by 
hydrolysis  and  a  stable  trinucleotide  is  the  final  product  of  reac- 
tion. We  have  obtained  analytical  values  which  are  in  accord 
with  the  carbon,  hydrogen,  nitrogen,  and  phosphorus  ratios  for  a 
trinucleotide  complex.  Furthermore,  we  have  been  successful 
in  identifying  and  isolating  guanine  in  the  filtrate  resulting  from 
the  purification  of  our  original  nucleic  acid.  It  is  entirely  prob- 
able that  the  original  tuberculinic  acid,  as  obtained  b}'-  us,  does 
not  contain  all  the  cyclic  bases  in  the  proper  proportion  for  a  true 
tetranucleotide.  The  fundamental  fact  is  that  the  guanine 
nucleus  is  more  loosely  bound  than  the  other  three  and  is  very 
susceptible  to  hydrolytic  influences.  In  the  course  of  our  work 
we  have  also  been  able  to  confirm  our  original  conclusions  regard- 
ing the  presence  of  thymine  and  cytosine  in  this  nucleic  acid. 
We  have  used  both  hydrochloric  and  sulfuric  acids  as  hydrolytic 
agents,  but  in  no  case  have  we  been  able  to  detect  a  trace  of  uracil 
as  a  product  of  decomposition. 

EXPERIMENTAL    PART. 

The  material  used  in  this  research  was  furnished  gratuitously 
by  Parke,  Davis  and  Co.  and  the  Mulford  Co.,^  and  represented 
about  2  kilos  of  desiccated  bacilli.  The  two  samples  were  worked 
separateh',  as  described  below,  in  order  to  obtain  data  that  might 
serve  as  a  comparison  of  the  behavior  of  products  from  different 

^  The  writers  desire  to  express  at  this  time  their  appreciation  of  the 
generosity  of  these  industrial  concerns  in  supplying  them  with  research 
material. 
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sources  when  subjected  to  identical  procedure,  and  to  determine 
whether  a  nucleic  acid  could  be  obtained  from  the  different 
products  with  a  definite  composition. 

When  810  gm.  of  the  Mulford  Co.  bacilli  were  defatted  with  toluene 
according  to  the  directions  given  in  our  previous  paper^S'iO  gm.  of  defatted 
tubercle  bacilli  were  obtained.  This  corresponds  to  a  loss  in  weight  of  290  gm. 
soluble  in  toluene  or  equivalent  to  35.8  per  cent  of  the  weight  of  bacilli 
used.  900  gm.  of  the  Parke,  Davis  and  Co.  product  under  similar  conditions 
gave  593  gm.  of  defatted  material,  and  304  gm.  soluble  in  toluene  corre- 
sponding to  33.8  per  cent  of  the  weight  of  bacilli  used.  These  percentages  of 
toluene-soluble  material  are  of  the  same  order,  but  somewhat  smaller 
than  the  percentages  obtained  in  similar  experiments  reported  in  our  pre- 
vious paper.  They  show  that  the  composition  of  the  bacilli  grown  by  the 
two  concerns  in  these  two  cases  was  quite  uniform.  The  variations  can 
undoubtedly  be  explained  by  the  conditions  used  in  the  growth  of  the 
organisms. 

The  520  gm.  of  the  Mulford  Co.'s  defatted  tubercle  bacilli,  obtained 
above,  when  treated  according  to  the  writers'  method^  for  the  separation  of 
the  nucleic  acid,  using  successively  3  and  5  per  cent  sodium  hydroxide  solu- 
tion for  extraction,  gave  8.4  gm.  of  crude  nucleic  acid  or  a  yield  of  1.03  per 
cent  of  the  weight  of  original  tubercle  bacilli  used.  This  result  is  almost 
identical  with  that  obtained  in  a  similar  experiment  on  a  Mulford  Co. 
product  and  published  in  our  previous  paper,  where  a  yield  of  0.95  per  cent 
was  reported. 

The  596  gm.  of  defatted  tubercle  bacilli  prepared  from  the  Parke,  Davis 
and  Co.  bacilli  were  thoroughly  triturated  in  a  large  mortar  with  1,800  cc. 
of  water  and  the  mixture  was  allowed  to  stand  over  night.  The  solution  was 
then  made  distinctly  acid  to  litmus  with  acetic  acid  to  precipitate  protein, 
filtered,  and  the  protein  residue  finally  washed  with  400  cc.  of  water  con- 
taining 1  per  cent  of  acetic  acid.  To  the  acid  filtrate,  equivalent  to  a 
volume  of  1,700  cc,  25  gm.  of  sodium  acetate  were  added,  then  hydrochloric 
acid  was  added  until  a  slight  permanent  precipitate  was  produced,  and 
finally  an  equal  volume  of  absolute  alcohol.  Care  was  takers  to  keep  the 
solution  cold  during  this  operation.  A  precipitate  separated  immediately, 
and  was  separated  from  the  filtrate  by  decantation  and  finally  filtered,  then 
washed  successive!}^  with  95  per  cent  alcohol,  absolute  alcohol,  and  dried 
with  ether.  8.7  gm.  of  an  almost  colorless  nucleic  acid  were  obtained.  This 
product  was  saved  as  described  later  on. 

The  residue  from  the  water  extraction  above  was  treated  with  3  and  5 
per  cent  sodium  hydroxide  solution  and  the  nucleic  acid  extracted  according 
to  the  general  procedure.  We  obtained  6.8  gm.  of  a  dark  colored  product 
which  was  apparently  nucleic  acid.  A  total  yield  of  15.8  gm.  of  nucleic  acid 
was  thus  obtained,  corresponding  to  1.75  per  cent  of  the  weight  of  the 

'  Johnson,  T.  B.,  and  Brown,  E.  B.,  J.  Biol  Chem.,  1922,  liv,  721. 
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original  tubercle  bacilli  used.  The  highest  yield  previously  obtained,  using 
onlj'  3  and  5  per  cent  sodium  hydroxide  solution,  was  1.5  per  cent  of  the 
weight  of  the  original  tubercle  bacilli.  The  results  of  this  experiment  show 
that  over  55  per  cent  of  the  nucleic  acid,  obtained  from  the  above  material, 
was  extracted  with  water.  It  is  possible  that  even  more  of  the  nucleic 
acid  would  have  been  e.xtracted  by  water  had  the  j)rocess  been  repeated 
more  thoroughly,  since  the  residues  usually  occlude  an  amount  of  solution 
equal  to  the  weight  of  the  material.  In  fact,  in  this  particular  experiment 
500  cc.  less  of  solution  were  obtained  than  there  was  water  added. 

The  fact  that  more  nucleic  acid  is  obtained  by  first  extracting 
with  water  followed  by  treatment  with  caustic  solution,  than 
when  caustic  sohition  alone  is  used,  indicates  that  this  nucleic 
acid  is  destroyed  in  part  b}^  the  alkali  treatment.  This  observa- 
tion is  fully  confirmed  by  interesting  data  which  will  be  reported 
later  in  this  paper. 

Purification  and  Analysis  of  Tuberculinic  Acid. 

2.2  gm.  of  the  crude  nucleic  acid  obtained  from  the  Alulford  Co.  tubercle 
bacilli  above  were  further  purified  by  dissolving  in  1  per  cent  sodium 
hydroxide  solution,  neutralizing  with  acetic  acid,  and  then  adding  picric 
acid  solution  as  long  as  a  precipitate  was  formed.  After  filtering,  the 
nucleic  acid  was  precipitated  from  the  clear  solution  with  absolute  alcohol 
which  had  been  acidified  with  hydrochloric  acid.  The  precipitate  settled 
rapidly,  and,  after  decantation  of  the  mother  liquor,  was  transferred  to  a 
filter  and  washed  successively  with  50  per  cent  alcohol,  95  per  cent  alcohol, 
absolute  alcohol,  and  finally  with  ether.  Since  the  product  thus  obtained 
was  colored  slightly  yellow,  it  was  dissolved  again  in  dilute  sodium  hy- 
droxide, the  solution  poured  into  six  times  its  volume  of  absolute  alcohol  to 
precipitate  the  sodium  salt  and  the  latter  filtered  off  and  washed  with 
absolute  alcohol.  The  salt  which  was  in  the  form  of  a  yellow  granular  pow- 
der was  dissolved  in  water,  and  the  solution  acidified  with  acetic  and  hydro- 
chloric acids.  On  addition  of  10  per  cent  copper  chloride  solution  the 
copper  salt  of  nucleic  acid  quickly  separated  and  was  finally  converted  into 
the  free  acid  according  to  the  directions  of  Levene,^  using  5  per  cent  hydro- 
chloric acid.  The  resulting  acid  was  washed  with  alcohol  and  dried  with 
ether  as  described  above.  The  nucleic  acid  was  then  obtained  in  the  form 
of  a  light  grey  powder  and  after  drying  for  2  hours  at  110°  gave  the  foUov/ing 
results  on  analysis: 

Found.     N  (Kjeldahl)  11.53. 

The  phosphorus  was  determined  according  to  Hausmann's 
method,   by  decomposing  the  sample  with   sulfuric  and  nitric 

*  Levene,  P.  A.,  /.  Biol.  Chem.,  1921,  xlviii,  177. 
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acids  and  then  proceeding  according  to  the  standard  method; 
namely,  precipitating  as  the  phosphomolybdate  and  converting 
the  latter  into  magnesium  pyrophosphate.  0.1650  gm.  of  acid 
gave  0.0478  gm.  of  MgaPaO;. 

Found.     P  8.07. 

Carbon  and  hydrogen  were  determined  by  mixing  the  sample 
with  a  large  amount  of  copper  oxide,  using  a  Thiele  mixing  tube 
and  the  combustion  was  carried  out  in  the  same  way  as  for  nitro- 
gen compounds,  using  a  reduced  copper  spiral  at  the  end  of  the 
tube.  No  difficulty  was  experienced  in  obtaining  a  complete 
combustion.  0.2495  gm.  of  acid  gave  0.0997  gm.  of  water  and 
0.3226  gm.  of  carbon  dioxide. 

Found.     C  35.26,  H  4.44. 

Sodium  was  determined  by  burning  the  sample  in  a  weighed 
silica  crucible  and  converting  the  residue  into  sodium  m-phosphate 
by  means  of  the  blast  lamp.  After  weighing,  the  residue  was 
dissolved  by  long  boiling  with  hydrochloric  acid  and  the  phos- 
phorus determined  in  the  usual  manner  and  calculated  as  PO3. 
0.2028  gm.  of  the  sample,  when  treated  as  above,  gave  an  ash 
weighing  0.0326  gm.  (or  16.07  per  cent)  and  0.0232  gm.  of  PO3 
(or  11.44  per  cent): 

Found.     Na  4.63. 


Analysis. 

Atomic  ratios. 

I 

II 

c 

H 

N 

P 

Na 

0 

per  cent 

35.26 
4.44 

11.53 
8.07 
4.63 

34.52 

33.88 
50.80 

9.46 

3 

2.32 
24.90 

45.10 
67.80 
12.67 

4 

3.09 
33.20 

C34H51N10P3O25  for  3  phosphorus;  C45H68N13P4O33  for  4  phosphorus. 

The  nucleic  acid  obtained  from  the  aqueous  extract  was  dissolved  in  1 
per  cent  sodium  hydroxide  solution  and  acetic  acid  added  until  litmus 
indicated  an  acid  reaction.  The  protein  which  separated  was  removed  with  a 
centrifuge,  and  the  nucleic  acid  finally  precipitated,  as  previously  described, 
with  alcohol  and  hydrochloric  acid.     This  was  washed  with  alcohol  and 
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ether,  as  above,  using  the  centrifuge  to  remove  the  solvent,  instead  of 
filtering  to  prevent  contamination  of  the  precipitate  with  filter  pai)er. 
When  filtered  through  a  funnel  and  the  nucleic  acid  dried  on  the  filter  paper 
small  particles  of  paper  are  always  occluded  in  the  product.  A  white 
powder  was  obtained  containing  11.63  per  cent  of  nitrogen  and  6.22  per  cent 
of  phosphorus.  The  material  at  this  stage  of  the  purification  gave  a  nega- 
tive biuret  test,  showing  that  it  was  free  from  protein.  The  phosi)horus- 
nitrogen  ratio  was  therefore  4  to  16.3  or  a  value  agreeing  very  closely  with 
the  result  obtained  liy  Osborne  and  Harris^  from  the  purer  preparations  of 
triticonucleic  acid.  However,  the  triticonucleic  acid  preparations  always 
contained  much  higher  percentages  of  both  nitrogen  and  phosphorus  than 
were  obtained  by  us. 

This  material  was  subjected  to  a  further  purification  process  by  convert- 
ing, successively,  into  the  sodium  salt,  the  copper  salt,  then  into  the  free 
acid,  as  previously  described,  using  the  centrifuge  to  separate  the  precipi- 
tate from  the  solution  to  avoid  filtration  throughout  the  procedure.  The 
liglit  grey  powder  was  dried  at  100°  C.  for  2  hours  and  a  complete  analysis 
made  on  the  product.  The  ammonia  produced  from  0.2844  gm.  of  sample 
neutralized  25.10  cc.  ofO.lN  hydrochloric  acid,  which  is  equivalent  to  a 
nitrogen  content  of  12.36  per  cent.  The  phosphorus  was  determined  upon 
the  same  sample  by  acidifying  the  solution  remaining  from  the  Kjeldahl 
determination  with  nitric  acid,  boiling,  and  then  proceeding  according  to 
the  standard  method.  This  procedure  gives  identical  results  with  Haus- 
mann's  method  or  the  caustic  fusion  method  of  treating  the  sample.  0.0842 
gm.  of  Mg2P207  was  obtained,  corresponding  to  a  phosphorus  content  of 
8.24  per  cent. 

Carbon  and  hydrogen  determination.  0.2412  gm.  sample:  0.0985  gm. 
water  and  0.3051  gm.  carbon  dioxide. 

Found.     C  34.47,  H  4.53. 

0.2306  gm.  gave  an  ash  weighing  0.0266  gm.  (or  11.54  per  cent)  which  was 
equivalent  to  6.69  per  cent  PO3. 


Found. 

Na  4.85. 

Nucleic  acid. 

Analysis. 

Atomic  ratios. 

per  cent 

c 

34.47 

32.40 

43.20 

H 

4.53 

50.64 

67.52 

N 

12.36 

9.96 

13.30 

P 

8.24 

3 

4 

Na 

4.85 

2.37 

3.16 

0 

35.55 

25.06 

33.41 

C32H61N10P3O26  or  C43H68N13P4O33. 
'  Osborne,  T.  B.,  and  Harris,  I.  F.,  Z.  physiol.  Chem.,  1902,  xxxvi,  85. 
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The  above  formulas  are  practically  identical  with  those  cal- 
culated from  the  data  obtained  in  the  preceding  series  of  analysis, 
except  in  percentage  of  carbon,  which  was  high  in  the  preceding 
experiment  on  account  of  a  slight  contamination  with  adsorbed 
filter  paper.  The  fact  that  the  same  product  was  obtained  from 
both  preparations  is  evidence  that  it  is  a  definite  compound. 
Furthermore,  the  fact  that  analyses  show  a  phosphorus  and  nitro- 
gen ratio  of  4  to  13  or  3  to  10,  indicates  that  the  latter  ratio  is 
probably  the  correct  one,  and  that  the  substance  is  a  trinucleo- 
tide, corresponding  to  the  first  formula  above,  calculated  on  the 
basis  of  three  phosphorus  atoms  in  the  molecule.  That  this 
conclusion  is  correct  and  that  the  above  product  is  not  the  original 
nucleic  acid  contained  in  tubercle  bacilli  is  shown  by  a  considera- 
tion of  the  decomposition  products  obtained  from  this  material 
and  from  the  solution  from  which  it  was  purified. 

Decomposition  Products  of  Tuherculinic  Acid. 
The  Purines. 

Levene^  in  an  early  investigation  of  the  crude  nucleic  acid 
from  tubercle  bacilli  was  able  to  isolate  from  the  defatted  material 
precipitates  which  varied  in  phosphorus  and  nitrogen  content 
between  7.79  and  13.09  per  cent  in  the  former,  and  14.09  to  9.42 
per  cent  in  the  latter.  From  these  he  reported  the  definite 
isolation  of  both  guanine  and  adenine.  Long^  has  more  recently 
investigated  the  purines  contained  in  defatted  bacilli  and  also 
isolated  both  of  these  purine  combinations.  The  writers,  in  the 
light  of  these  investigations,  studied  first  the  pyrirtiidine  and 
sugar  content.  The  pyrimidines  were  found  to  be  the  same  and 
in  practically  the  same  proportion  as  those  obtained  b}^  analysis 
of  thymus  nucleic  acid.  The  sugar  was  also  found  to  be  a  hexose,^ 
but  the  amount  we  obtained  was  roughly  about  three-fourths  of 
the  quantity  obtained  by  SteudeP  from  thymus  nucleic  acid. 
The  result  of  our  analysis  shows  that  the  nitrogen  content  was 
too  small  to  account  for  all  the  pyrimidines  and  both  purines. 
On  the  other  hand,  since  the  amount  of  nitrogen  revealed  by 

*  Levene,  P.  A.,  /.  Med.  Research,  1901,  vi,  135. 

7  Long,  E.  R.,  Am.  Rev.  Tuberc,  1920-21,  iv,  842. 

3  Brown,  E.  B.,  and  Johnson,  T.  B.,  /.  Aw.  Cheyn.  Soc,  1923,  xlv,  1823, 

9  Steudel,  H.,  Z.  physiol.  Chetn.,  1908,  Iv,  407;  Ivi,  212. 
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analysis  was  sufficient  to  account  for  only  ono  purine  in  the 
molecule,  it  became  necessary  therefore  for  us  to  devote  attention 
to  this  phase  of  the  work  in  order  to  see  which  purine  our  trinucleo- 
tide actually  contained. 

1  gin.  of  nucleic  acid  containing  10.(14  per  cent  of  nitrogen  and  8.03  per 
cent  of  phosphorus  was  placed  in  a  flask  with  25  cc.  of  7  per  cent  sulfuric 
acid  and  the  mixture  boiled  for  4  hours  under  a  return  condenser  by  heating 
in  an  oil  bath  at  100-1 10°C.  The  filtrate  from  this  digestion  was  neutralized 
at  the  boiling  point,  with  concentrated  ammonia  and  then  allowed  to  stand 
over  night  after  the  addition  of  small  excess  (2  per  cent)  of  ammonia.  A 
flocky  precipitate  settled  out,  weighing  0.0102  gm.  This  was  filtered  and 
dissolved  from  the  Gooch  crucible  with  dilute  sodium  hydroxide,  the  solu- 
tion made  neutral  to  Congo  red  with  hydrochloric  acid,  and  picric  acid 
finally  added,  when  a  crj-stalline  salt  was  obtained  which  melted  at  275- 
280°,  and  agreed  in  all  its  properties  with  adenine  picrate.  Hence  the  prod- 
uct contained  no  guanine. 

To  the  ammoniacal  filtrate  obtained  above  an  excess  of  an  ammoniacal 
solution  of  silver  oxide  was  added.  A  voluminous  slightly  brown  colored 
precipitate  was  obtained.  After  standing  for  an  hour  it  was  filtered  on  an 
asbestos  mat  in  a  Gooch  crucible,  washed  free  of  ammonia  with  cold  water, 
transferred  to  a  Kjeldahl  flask,  and  a  nitrogen  determination  made.  0.0297 
gm.  of  nitrogen,  corresponding  to  28  per  cent  of  the  total  nitrogen,  was 
obtained.  Including  the  0.0102  gm.  obtained  in  the  guanine  fraction  as 
adenine  we  therefore  have  33.21  per  cent  of  the  total  nitrogen  accounted 
for  as  adenine.  This  result  proved  to  us  that  the  missing  purine  from  our 
purified  product  was  undoubtedly  guanine.  While  the  adenine  obtained 
above  was  not  equal  to  50  per  cent  of  the  total  nitrogen  as  would  be  re- 
quired for  a  trinucleotide  composed  of  thymine,  cytosine,  and  one  purine 
as  the  nitrogen-containing  constituents,  j'et  the  sample  used  for  this  de- 
termination contained  a  nitrogen  content  of  almost  1  per  cent  less  than 
that  contained  in  the  samples  analyzed  after  careful  purification,  and 
this  probably  accounts  for  the  difference.  The  above  sample  of  nucleic 
acid  was  obtained  from  the  solution  after  the  main  fraction  of  nucleic  acid 
had  been  separated,  and  probably  had  lost  some  of  its  adenine. 

In  order  to  ascertain  if  guanine  was  present  in  the  original 
material  extracted  from  tubercle  bacilli  and  that  it  had  been 
removed  from  tuberculinic  acid  in  the  course  of  purification,  the 
solutions  remaining  from  the  precipitations  of  the  material 
obtained  from  the  Parke,  Davis  and  Co.  defatted  tubercle  bacilli 
were  subjected  to  further  investigation.  It  was  observed  that 
when  a  portion  of  the  acid  was  neutralized  in  the  solution  from 
the  decomposition  of  the  copper  salt  a  voluminous  precipitate  was 


E.  B.  Brown  and  T.  B.  Johnson  207 

obtained,  and  that  this  precipitate  was  soluble  in  50  per  cent 
alcohol  containing  2.5  per  cent  h3'drochloric  acid.  Since  this 
strength  of  solution  was  used  in  the  purification  process  it  was 
evident  that  a  considerable  portion  of  material  could  be  obtained 
in  this  way  from  the  remaining  solutions  used  in  the  purification 
process. 

To  the  combined  solutions  an  excess  of  10  per  cent  copper  chloride  solu- 
tion was  added,  then  20  per  cent  sodium  hydroxide  solution  until  a  precipi- 
tate began  to  form  and  the  yellow  solution  changed  to  the  bluish  green 
color  characteristic  of  copper  solutions.  The  resulting  fluid  was  distinctly 
acid  to  litmus  and  a  voluminous  precipitate  was  obtained  which  settled 
upon  standing.  After  decanting  most  of  the  clear  liquid,  the  remainder 
was  removed  with  the  centrifuge.  A  gelatinous  residue  weighing  several 
grams  was  obtained.  This  product  was  transferred  to  a  flask,  200  cc.  of  5 
per  cent  sulfuric  acid  were  added  and  heated  on  an  oil  bath  at  100-1 10°C. 
for  5  hours  under  a  return  condenser.  Since  only  a  small  amount  of  insolu- 
ble material  separated  on  cooling,  the  solution  was  not  filtered  but  was 
saturated  with  hydrogen  sulfide,  then  filtered  from  the  CuS,  and  the  excess 
of  hydrogen  sulfide  expelled  by  boiling.  To  the  hot  solution,  concentrated 
ammonia  was  added  until  neutral.  An  excess  of  4  per  cent  of  ammonia  was 
then  added  and  the  solution  allowed  to  stand  over  night  when  a  colorless 
distinctl}^  granular  precipitate  was  obtained  in  appreciable  amount.  This 
product  was  identified  as  guanine,  giving  its  characteristic  picrate  which 
decomposed  at  190°C.     The  quantity  obtained  weighed  0.1  gm. 

To  the  ammoniacal  filtrate  from  the  guanine  precipitate  an  excess  of  a 
solution  of  ammoniacal  silver  oxide  was  added  and  the  voluminous  precipi- 
tate of  the  silver  salt  filtered  off  and  decomposed  with  hydrochloric  acid. 
To  the  clear  filtrate  from  the  silver  chloride  precipitate,  sodium  hydro.xide 
solution  was  added  until  neutral  to  Congo  red,  then  an  excess  of  picric  acid 
solution  when  a  precipitate  weighing  0.010  gm.  was  obtained  showing  that 
adenine  was  also  present  but  in  very  small  amount  in  this  solution. 

The  fact  that  both  guanine  and  adenine  were  obtained,  the 
former  in  a  much  larger  yield,  from  the  purification  solutions  in 
amounts  as  large  as  the  above  show  that  considerable  cleavage 
took  place  in  the  purification  of  the  crude  nucleic  acid,  and  that 
no  considerable  amount  of  the  nucleic  acid  remained  in  the  mother 
liquor.  This  solution  contained  some  of  the  unchanged  acid  and 
the  above  cleavage  products,  the  small  amount  of  adenine  prob- 
ably coming  from  the  acid,  as  well  as  the  remaining  decomposition 
products  of  nucleic  acid,  phosphoric  acid,  sugar,  and  the 
pyrimidines. 
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The  Pyrimidines. 

In  the  study  of  the  pyrimidines  contained  in  tuberculinic  acid 
several  hydrolysis  experiments  have  been  carried  out  using  33 
per  cent  sulfuric  acid  as  the  hydrolytic  agent.  The  results  of 
this  work  have  been  published  in  preceding  papers  and  show  that 
in  each  instance  thymine  and  cytosine  were  the  only  pyrimidines 
found  in  the  hydrolysis  solution.  In  one  experiment  where  the 
purified  nucleic  acid  was  used  these  two  pyrimidines  were  obtained 
in  yields  of  11.8  and  9.7  per  cent,  respectively.  It  was  also  found 
that  only  the  above  pyrimidines  were  produced,  uracil  being 
absent  from  the  hydrolysis  products.  In  an  experiment  in  which 
concentrated  h3'drochloric  acid  was  used  for  hydrotysis  instead 
of  33  per  cent  sulfuric  acid  both  th3^mine  and  cytosine  were 
obtained,  while  uracil  was  found  to  be  absent  from  the  hydrolysis 
solution,  as  was  the  case  when  sulfuric  acid  was  used.  These 
results  prove  to  our  satisfaction  that  uracil  is  not  a  cleavage 
product  of  tuberculinic  acid  and  is  not  produced  from  cytosine 
under  the  conditions  which  we  used  for  hydrolysis. 

SUMMARY. 

1.  Tuberculinic  acid  has  been  purified  and  subjected  to  a 
complete  analysis  for  carbon,  hydrogen,  nitrogen,  phosphorus, 
and  inorganic  material. 

2.  The  results  obtained  indicate  that  the  construction  of  this 
acid  is  in  conformity  with  that  of  a  trinucleotide  containing 
adenine,  thymine,  and  cytosine,  each  of  which  was  obtained  from 
the  purified  product. 

3.  Guanine  is  also  a  constituent  of  tuberculinic  acid,  but  is  lost 
from  the  original  molecule  in  the  process  of  purification. 

4.  We  have  been  able  to  confirm  our  original  observation  that 
thjTnine  and  cji^osine  are  the  only  pyrimidine  constituents  of 
this  nucleic  acid. 
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Until  very  recently  the  colorimetric  method  of  measuring  the 
hydrogen  ion  concentration  has  not  possessed  the  delicacy  of 
other  colorimetric  methods  for  the  reason  that  an  instrument 
adapted  to  the  measurement  of  a  combination  of  two  colors, 
instead  of  a  single  color,  has  not  been  available.  As  ordinarily 
carried  out  in  the  past  it  has  been  necessary  to  employ  a  series 
of  tubes  with  graduated  pH  values  as  standards  in  the  colori- 
metric determination  of  the  hydrogen  ion  concentration.  The 
instrument  recently  described  by  one  of  us^  makes  possible  as 
accurate  color  measurements  with  a  combination  of  two  colors 
as  can  be  obtained  with  a  standard  colorimeter  employing  a 
single  color.  This  delicacy  is  very  important  in  the  case  of  the 
colorimetric  determination  of  the  hydrogen  ion  concentration  of 
the  blood,  owing  to  the  fact  that  the  pathological  variations  are 
very  small.  With  the  method  described  below  the  error  in  color 
comparison  falls  within  ±  pH  0.02. 

The  method  is  essentially  an  adaptation  of  the  colorimetric 
technique  of  Cullen^  for  the  determination  of  the  pH  of  the  blood 
plasma  (or  serum)  to  the  bicolorimeter  previously  described.     As 

*  Presented  before  the  Society  for  Experimental  Biology  and  Medicine, 
April  18,  1923  (Myers,  V.  C,  Schmitz,  H.  W.,  and  Booher,  L.  E.,  Proc. 
Soc.  Exp.  Biol,  and  Med.,  1922-23,  xx,  362), 

t  Medical  Fellow  of  the  National  Research  Council, 

>  Myers,  V.  C,  J.  Biol.  Chem.,  1922,  liv,  675. 

2  Cullen,  G.  E.,  J.  Biol.  Chem.,  1922,  lii,  501. 
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modified,  the  final  determination  is  carried  out  on  0.1  cc.  of  plasma, 
and  does  not  require  more  than  10  minutes  after  the  blood  has 
been  obtained.  By  a  simple  technique  contact  with  the  air  is 
entirely  excluded. 

McOtod  of  Taking  Blood  and  Separating  Plasma. 

Blood  is  drawn  without  stasis  into  a  narrow  5  cc.  Lucr  glass 
syringe  containing  sufficient  mineral  oil  to  fill  any  air  spaces,  and 
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2cc. 


Fig.  1. 


is  at  once  delivered  under  oil  into  a  centrifuge  tube  of  special 
design  (see  Fig.  1).  This  tube  is  made  of  Pyrex  glass^  and  has  at 
the  bottom  a  bulb  of  2  cc.  capacity  (30  mm.  in  length  with  an 
internal  diameter  of  11  mm.  and  a  neck  of  4  mm.).     Tubes  with 

^  These  tubes  and  other  pieces  of  glass  apparatus  ilhistrated,  exclusive 
of  syringes,  were  made  for  us  by  the  glass  blowing  department  of  Eimer  and 
Amend. 
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bulbs  of  1  and  5  cc.  capacity  have  also  been  used,  the  latter  being 
employed  when  a  simultaneous  estimation  of  the  CO2  content  of 
plasma  is  to  be  made.  1  drop  of  neutral  20  per  cent  potassium 
oxalate  is  dried  in  the  tube,  after  which  3  drops  of  mineral  oil 
are  added  (6  drops  in  the  case  of  the  5  cc.  tube).  In  transferring 
the  blood  from  the  syringe  to  the  centrifuge  tube,  the  point  of 
the  needle  is  placed  under  the  oil  and  sufficient  blood  delivered  to 
bring  the  oil  into  the  neck  of  the  bulb.     With  the  slight  pressure 


TABLE  I. 

Effect  of  Centrifugation  under  Oil  on  the  pH  of  the  Blood. 


Remarks. 


Case  No. 

First 
reading. 

Initial 
pH. 

Length 

of  time 

of  centri- 

fuging. 

Second 
reading. 

pH  value 
after 
centri- 
fuging. 

mm. 

7nin. 

mm. 

1 

29.0 

7.21 

5 

29.0 

7.21 

2 

33.0 

7.26 

5 

33.0 

7.26 

3     . 

45.5 

7.43 

5 

45.5 

7.43 

4 

50.5 

7.49 

5 

50.0 

7.485 

5 

34.0 

7.28 

5 

34.0 

7.28 

10 

34.0 

7.28 

6 

43.0 

7.40 

5 

43.0 

7.40 

10 

43.0 

7.40 

7 

36.5 

7.31 

5 

36.0 

7.31 

10 

36.5 

7.32 

8 

39.5 

7.35 

5 

39.5 

7.35 

10 

40.0 

7.355 

9 

38.0 

7.33 

5 

38.5 

7.34 

10 

38.5 

7.34 

Plasma  first  saturated  with 

alveolar  air. 

it  ii  it 

Cells  left  in  contact  with 
plasma. 


exerted  the  blood  readily  takes  up  the  oxalate  and  does  not  clot. 
The  tube  is  centrifuged  at  moderate  speed  for  about  2  minutes 
to  separate  the  plasma. 

As  a  check  on  the  possible  influence  of  oil  on  the  hydrogen  ion 
concentration  due  to  centrifuging,  the  pH  has  been  ascertained 
on  specimens  of  blood  centrifuged  for  5  and  10  minutes,  as  well 
as  for  2  minutes.  In  the  case  of  the  first  two  specimens  the  plasma 
was  saturated  with  CO2  at  alveolar  tension  and  the  pH  deter- 
mined both  before  and  after  5  minutes  centrifuging.  (The  low 
initial  pH  in  these  two  specimens  is  probably  to  be  explained  by 
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the  fact  that  the  plasma  stood  in  contact  with  the  cells  some 
little  time  before  separation.)  The  data  given  in  Table  I  indicate 
that  centrifiiginp;  under  the  conditions  described  causes  no  appre- 
ciable change  in  the  pH. 

Preparation  and  Preservation  of  Saline  Solution. 

A  0.9  per  cent  solution  of  sodium  chloride  in  C02-free  water, 
to  which  has  been  added  10  ec.  of  0.02  per  cent  phenol  red  solu- 
tion'* for  each  100  cc,  is  adjusted  to  a  pH  of  between  7.4  and  7.5 
with  sodium  hydroxide.  This  can  conveniently  be  done  by 
dipping  the  tip  of  a  long  slender  stirring  rod  in  1  per  cent  sodium 
hydroxide,  stirring  into  the  solution  in  the  flask,  and  repeating 
the  operation  until  the  solution,  when  placed  in  the  cup  of  the 
colorimeter,  gives  the  correct  reading. 

We  have  experienced  considerable  difficulty  in  keeping  this 
extremely  delicate  solution  at  the  correct  pH,  owing  to  a  tendency 
for  it  to  become  acid.  The  apparatus,  illustrated  in  Fig.  2,  has, 
in  a  large  measure,  overcome  this  difficulty.  The  entire  apparatus 
is  constructed  of  Pyrex  glass,  an  ordinary  liter  flask  being  the 
starting  point.  A  cylindrical  funnel,  the  stem  of  which  has  a 
small  opening  (1.5  mm.)  passes  almost  to  the  bottom  of  the  flask. 
AVlien  the  glass  stopper  is  removed,  it  is  possible  to  fill  the  flask 
quickly  with  the  saline  solution.  The  stopper  is  inserted,  the  flask 
inverted,  and  any  solution  in  the  inverted  funnel  allowed  to  drain 
out.  Finally,  the  funnel  is  wiped  out  and  a  tube  containing  soda- 
lime  is  tightly  inserted.  As  an  added  precaution  this  tube  is 
connected  to  a  small  wash  bottle  containing  sodium  hydroxide. 
The  flask  may  also  be  filled  through  the  stop-cock  with  the  aid  of 
suction,  after  the  air  in  the  flask  has  been  freed  of  CO2  by  passing 
it  through  sodium  hydroxide.  We  have  found  that  when  the 
saline  solution  is  made  up  at  a  pH  of  about  7.55  (to  allow  for  the 
slight  drop  in  the  pH,  which  we  have  been  unable  to  prevent)  it 
may  be  used  for  some  time  without  adjustment. 

*  This  is  made  up  as  described  by  Clark,  W.  M.,  The  determination  of 
hydrogen  ions,  Baltimore,  2nd  edition,  1922,  81.  0.1  gm.  of  phenol  red  is 
ground  in  an  agate  mortar  with  5.7  ec.  of  0.05  n  NaOH  and  made  up  to  25  cc. 
The  0.4  per  cent  solution  is  then  diluted  as  needed  to  the  0.02  per  cent 
strength  with  distilled  water. 


Fig.  2. 


Fig.  3, 
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Colorimetric  Measurement. 

2  cc.  of  this  saline  solution  are  allowed  to  flow  into  the  cup  of  the 
bicolorimeter  under  oil.  A  small  portion  of  the  separated  plasma 
is  now  drawn  into  the  0.5  cc.  tuberculin  sjn-inge  (see  Fig.  1), 
graduated  in  0.01  cc.  (the  point  of  the  needle  can  best  be  cut  off), 
the  air  spaces  of  which  are  filled  with  oil.  0.1  cc.  of  the  plasma  is 
immediately  discharged  into  the  saline  solution  in  the  cup.  This 
solution  is  stirred  with  a  small  glass  rod  and  is  then  ready  for 
color  comparison. 

Calibration  of  Wedges. 

For  this  purpose  the  two  wedges  of  the  colorimeter  are  filled 
with  Sorensen's  buffer  phosphate  solutions,  containing  2  cc.  of 
0.02  per  cent  phenol  red  for  20  cc.  of  phosphate  solution,  the 
front  wedge  having  a  pH  value  of  8.0  and  the  second  wedge  of 
6.8.     For  the  alkaline  wedge  1.1  cc.  of  m/15  primary  and  18.9 

TABLE  II. 
Phosphate  Mixture  (Phenol  Red  Range). 


pH 

M/15  Na2HP04 

M/15  KH;P04 

cc. 

cc. 

7.0 

6.11 

3.89 

7.1 

6.66 

3.34 

7.2 

7.20 

2.80 

7.3 

7.68 

2.32 

7.4 

8.08 

1.92 

7.5 

8.41 

1 :59 

7.6 

8.70 

1.30 

7.7 

8.94 

1.06 

7.8 

9.15 

0.85 

cc.  of  m/15  secondary  phosphate  are  emploj'ed,  while  for  the  acid 
wedge  10.2  cc.  of  primary  and  9.8  cc.  of  secondary  phosphate 
are  used.  For  the  calibration  of  the  wedges,  nine  different 
standards  are  employed  covering  the  pH  range  from  7.0  to  7.8, 
the  standards  differing  by  0.1  pH.  The  m/15  phosphate  solutions 
should  be  prepared  as  described  by  Cullen-  from  special  reagent 
salts  (Merck's  are  satisfactory)  by  dissolving  9.47  gm.  of  the 
anhydrous  Na2HP04  in  water  and  making  up  to  a  liter  with 
distilled  water.     The  primary  potassium  phosphate  is  sunilarly 
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prepared  from  9.08  gm.  of  KH2PO4.  0  (or  10)  cc.  portions  of  the 
different  phosphate  mixtures  are  prepared  in  Pyrex  test-tubes 
according  to  the  data  given  in  Table  II  and  0.5  (or  1.0)  cc.  of  the 
phenol  solution  is  added  to  each  tube.  The  readings  made  with 
the  wedge  containing  the  dominant  color  (alkaline,  pH  8.0)  are 
employed  in  plotting  the  curve  from  which  the  calculations  are 
made.  Although  the  solutions  in  the  wedges  apparently  keep  for 
a  long  time,  we  have  made  it  a  practice  to  check  them  against  new 
standards  once  a  week. 

In  the  instances  where  the  plasma  is  slightly  cloudy  the  third 
wedge,  containing  water  to  which  has  been  added  2  or  3  drops  of 
milk  and  1  drop  of  formaldehyde,  is  employed  to  equalize  the 
field.     In  this  way  perfect  color  matches  may  always  be  obtained. 

Calculation. 

The  factors  worked  out  by  Cullen^  to  correct  the  pH  values  to 
body  temperature  (38°C.)  have  been  employed.  Most  of  our 
observations  have  been  made  at  24  or  25°C.  The  following 
formula,  using  Cullen's  factor  of  0.22  as  the  average  correction 
for  colorimetric  pH  readings  in  human  blood  plasma,  has  been 
used: 

pHss"    =  pH«°  +  0.01  (i°  -  20°)  -  0.22 

For  example,  a  colorimetric  reading  of  42  has  a  pH  value  on  our 
graph  of  7.55.  With  a  temperature  of  24°C.  the  formula  would 
work  out: 

7.55  +  0.01  (24  -  20)  -  0.22  =  7.55  -  0.18  =   pH  7..37 

Adaptation  of  Special  Tubes  to  COo  Determination. 

In  cases  where  a  pH  determination  of  the  blood  plasma  is 
indicated,  it  is  generally  desirable  to  ascertain  the  CO2  content 
or  C02-combining  power  with  the  Van  Slyke  gas  burette.  With 
the  aid  of  the  5  cc.  tube  illustrated  in  Fig.  1  it  is  possible  to  secure 
sufficient  plasma  for  both  determinations.  In  this  connection 
we  have  found  a  special  Ostwald-Folin  pipette  graduated  to 
deliver  1  cc.  between  two  points,  in  addition  to  the  customary 
graduation,   to  be  very  convenient.     To   avoid   disturbing  the 
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corpuscles,  we  have  also  had  such  i)ipottcs  fitted  with  a  glass 
stop-cock  and  a  small  rubber  bulb  of  a  capacity  slightly  greater 
than  1  cc.  By  compressing  the  bulb  and  turning  the  stop-cock 
sufficient  suction  may  be  secured  to  draw  up  the  plasma  while 
carefully  watching  the  tip  of  the  pipette  (see  Fig.  3).  When  the 
stop-cock  is  turned,  the  pipette  can  be  conveniently  handled. 

Observations  Made  with  the  Method. 

pH  determinations  with  the  method  described  have  now  been 
made  on  the  blood  plasma  of  more  than  100  human  cases.  In  a 
series  of  about  twenty-five  miscellaneous  hospital  cases,  in  which 
abnormal  values  for  the  pH  were  not  anticipated,  the  figures  varied 
between  pH  7.35  and  7.43,  with  an  average  close  to  7.39.  The 
highest  pH  value  so  far  obtained  was  7.52  with  a  C02-combining 
power  of  87  and  the  lowest,  a  pH  of  6.98  with  a  C02-combining 
power  of  12.  Our  observations  will  be  discussed  in  a  subsequent 
paper. 

SUMMARY. 

The  colorimetric  method  of  Cullen  for  the  determination  of 
the  hydrogen  ion  concentration  of  blood  plasma  has  been  adapted 
to  the  bicolorimeter.  By  a  simple  technique  contact  of  the 
blood  with  air  is  entirely  excluded.  The  final  determination  is 
carried  out  on  0.1  cc.  of  plasma,  and  requires  less  than  10  minutes 
after  the  blood  has  been  obtained.  The  error  in  color  comparison, 
falls  within  dz  pH  0.02. 
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THE  EFFECT  OF  THERAPEUTIC  APPLICATION  OF 

EXTERNAL  HEAT  ON  THE  ACID-BASE 

EQUILIBRIUM  OF  THE  BODY.* 

By  F.  a.  CAJORI,  C.  Y.  CROUTER,  and  RALPH  PEMBERTON. 

{From  the  Laboratory  of  Clinical  Chemistry,  Presbyterian  Hospital, 
Philadelphia.) 

(Received  for  publication,  June  25,  1923.) 

The  external  application  of  heat  as  a  therapeutic  measure  in  the 
treatment  of  many  types  of  disease  has  long  found  favor  in  the 
eyes  of  the  medical  profession.  Despite  the  widespread  use  of 
this  form  of  therapy  in  modern  medicine,  however,  investigations 
recording  the  physiological  changes  that  accompany  such  measures 
are  far  from  complete.  A  clear  understanding  of  the  response 
of  the  body  is  desirable  as  a  help  in  elucidating  the  pathological 
processes  affected  by  such  treatment  and  also  for  the  purpose  of 
applying  this  treatment  more  intelligentl3^  It  is  common  knowl- 
edge that  the  present  wide  and  somewhat  indiscriminate  use  of 
these  measures  is  productive  of  harm  as  well  as  benefit. 

Haggard  (1),  experimenting  on  himself,  found  a  distinct  lower- 
ing of  the  alveolar  carbon  dioxide  tension  after  immersion  for 
20  minutes  in  a  very  hot  water  bath.  As  no  corresponding  fall 
in  the  C02-combining  power  of  the  blood  was  found,  he  suggested 
that  a  change  in  the  reaction  of  the  blood  had  taken  place.  Bazett 
and  Haldane  (2),  likewise  studying  the  effects  of  hot  water  baths, 
observed  a  marked  hyperpnea  and  lowered  alveolar  carbon 
dioxide  tension  while  the  subject  was  in  the  bath.  During  this 
period,  an  alkaline  urine  was  secreted  containing  much  sodium 

*  The  work  here  reported  is  part  of  a  study  on  arthritis  in  collaboration 
with  Robert  B.  Osgood,  M.D.,  of  Boston. 

The  expenses  of  this  investigation  were  defrayed  by  contributions  from 
several  sources,  including  a  number  of  patients. 

An  abstract  of  this  paper  was  presented  before  the  Anierican  Society  for 
Clinical  Investigation,  Atlantic  City,  April  30,  1923. 
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bicarl>onate  and  only  traces  of  annnonia.  Bazett  and  Ilaldanc 
suggested  that  these  findings  were  due  to  an  acapnia  following  an 
increased  sensitiveness  of  the  respiratory  center  as  a  result  of  heat 
stimulation.  This  explanation  seems  reasonable  in  view  of  the 
almost  identical  changes  in  the  composition  of  the  alveolar  air 
and  urine  following  periods  of  forced  ])ieathing.  These  changes 
were  reported  bj-  Davies,  Ilaldane,  and  Kennaway  (3),  Collip  and 
Bakus  (4),  and  Grant  and  Goldman  (5). 

Pem])erton,  Hendrix,  and  Grout er  (6),  studying  the  effects 
of  "electric  bakes,"  observed  a  fall  in  the  alveolar  carbon  dioxide 
tension  during  the  bake  with  a  rise  above  the  initial  value  some 
time  after  its  conclusion.  They  also  found  the  oxygen  percentage 
saturation  of  venous  blood  to  be  much  higher  during  the  liakc. 
This  presumably  resulted  from  a  greater  blood  flow  which  was 
induced  by  a  quickened  pulse.  Pemberton  and  Crouter  (7),  in  a 
continuation  of  these  studies,  observed  an  increased  alkalinity  of 
the  urine  and  likewise  a  gradually  increasing  alkalinity  or  decreas- 
ing acidity  of  the  sweat  during  the  time  of  the  exposure  to  heat. 
Since  the  present  studies  were  completed,  Koehler  (8)  has  pub- 
lished the  results  of  observations  on  the  acid-base  changes  of  the 
blood  during  acute  fevers.  Using  the  hydrogen  electrode,  he 
measm'ed  the  pH  of  the  blood  of  such  patients  and  found  an 
uncompensated  alkalosis  in  a  great  majority  of  the  cases.  Koehler 
included  in  his  studies  observations  on  the  reaction  of  the  blood 
after  a  rise  in  body  temperature  induced  by  submersion  in  hot 
water  baths.  The  blood  of  one  of  his  three  subjects  changed  in 
reaction  from  pH  7.39  to  7.65  during  a  half  hour  in  a  bath  at 
41-43°C.  A  marked  fall  in  the  total  CO2  content  of  the  blood 
accompanied  the  change  in  pH.  This  subject  showed  distinct 
signs  of  tetany.  In  two  other  subjects,  tetanic  symptoms  were 
successfully  combated  by  breathing  carbon  dioxide. 

Methods. 

In  these  studies  as  in  those  previously  reported  from  this  laboratory,  the 
heat  was  generally  applied  as  a  therapeutic  measure.  The  source  of  heat 
was  a  portable  electric  cabinet.  This  cabinet  was  of  such  design  that  when 
the  subject  reclined  on  a  bed  he  was  covered  from  feet  to  shoulders  by  it. 
After  20  minutes  in  this  cabinet,  the  temperature  near  to  the  skin  of  an 
individual  was  usually  between  120  and  1.30°F.  The  "bakes"  were  con- 
tinued for  another  20  minutes  so  that  the  total  exposure  to  heat  was  40  to 
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50  minutes.  The  pulse  rate,  respiration  rate,  and  oral  temperature  were 
taken  at  10  minute  intervals.  Two  subjects  in  this  series  of  experiments 
were  normal  individuals.  The  others  were  adult  men  and  women  suffering 
from  arthritis  of  various  types  and  degrees  of  intensity. 

Blood  samples  were  obtained  from  the  medial  vein  of  the  arm  without 
stasis.  Whenever  the  vein  was  sufficiently  prominent,  the  usual  prelimi- 
nary use  of  a  tourniquet  was  entirely  dispensed  with.  The  blood  was 
allowed  to  flow,  under  oil,  into  a  tube  containing  a  small  amount  of  neutral 
potassium  oxalate.  The  first  sample  of  blood  was  collected  just  before  the 
beginning  of  the  bake;  the  second  when  the  electric  cabinet  had  been  re- 
moved, at  a  time  when  the  body  temperature  and  other  effects  of  the  exter- 
nal heat  were  at  their  maximum. 

The  carbon  dioxide  content,  and  oxygen  content  and  capacity  of  these 
bloods  were  determined,  usually  in  duplicate,  using  the  method  and  appara- 
tus (without  the  water  jacket)  of  Van  Slyke  and  Stadie  (9). 

Portions  of  each  blood  sample  were  pipetted  into  300  cc.  tonometers  for 
exposure  to  desired  tensions  of  carbon  dioxide.  The  equilibration  was 
effected  in  the  following  way.  Calculated  volumes  of  carbon  dioxide  were 
admitted  from  a  gas  burette  into  each  tonometer.  The  tonometers  were 
then  rotated  in  a  horizontal  position  in  a  water  bath  maintained  at  37.5- 
38°C.  At  the  end  of  5  minutes  the  positive  pressure  within  the  tonometer 
was  released  by  opening  the  stop-cock  under  water.  The  equilibration  was 
considered  complete  at  the  end  of  15  minutes.  The  tonometer  was  then 
held  in  an  upright  position  to  allow  the  blood  to  drain  to  one  end.  A  slight 
positive  pressure  within  the  tonometer  was  induced  by  holding  it  under  a 
hot  water  tap  for  a  few  seconds.  The  blood  was  allowed  to  flow  into  a 
pipette  and  was  thus  transferred  to  the  Van  Slyke  apparatus  and  its  CO2 
content  determined.  The  exact  composition  of  the  gas  phase  in  the  tonom- 
eter was  determined  in  the  Haldane  apparatus  for  gas  analysis. 

Two  samples  of  each  blood  were  exposed  to  different  tensions  of  carbon 
dioxide,  thus  fixing  two  points  on  the  absorption  curve.  From  the  data 
obtained  CO2  absorption  curves  were  constructed.  These  curves  represent 
completely  oxygenated  blood  and  in  order  to  calculate  from  them  the  carbon 
dioxide  tension  and  pH  of  venous  blood,  it  was  necessary  to  correct  for  the 
degree  of  oxygen  unsaturation  of  the  venous  blood.  Blood  containing 
reduced  hemoglobin  unites  with  more  carbon  dioxide  than  does  fully  oxy- 
genated blood.  The  ratio  of  the  difference  in  CO2  capacity  between  oxy- 
genated and  partly  reduced  bloods,  to  the  degree  of  oxygen  unsaturation 
of  the  reduced  blood,  has  been  quantitatively  established  by  Doisy,  Briggs, 
Eaton,  and  Chambers  (10).  We  have  used  their  ratio,  or  ordinate  correc- 
tion of  0.27  in  locating  the  venous  point  from  our  curves.  Pemberton, 
Hendrix,  and  Crouter  (6),  in  a  series  of  seventeen  cases,  studied  the  oxygen 
unsaturation  of  venous  blood  before  and  after  heat  exposure  of  the  kind  and 
duration  described  in  the  present  experiments.  We  have  used  the  average 
value  for  oxygen  unsaturation  of  venous  blood  found  by  them  in  a  number 
of  our  experiments  where  we  did  not  record  the  oxygen  content  or  capacity. 
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With  the  aid  of  the  carbon  dioxide  ahsoijjtion  curves,  then,  the  carbon 
dioxide  tension  of  the  venous  blood  was  calculated.  The  hydrogen  ion  con- 
centration, expressed  as  pH,  was  calculated  from  the  NaHC03:H2C03  ratio 
using  Hasselbalch's  equation  and  the  value  for  pKi  as  6.15.  The  recent 
work  of  Peters,  Bulger,  and  Eisennian  (11)  on  the  variations  of  pKj  in  this 
equation  indicates  that  the  value  6.15,  calculated  by  Van  Slyke  (12),  is 
appropriate  for  use  with  human  whole  blood  of  normal  hemoglobin  content. 

The  pH  of  the  bloods  in  four  of  the  experiments  was  determined  directly 
by  the  colorimetric  method  of  Cullen  (13).  Changes  in  the  alkali  reserve 
as  a  result  of  the  exposure  to  heat  have  been  calculated  as  changes  in  the 
BHCO3  content  of  the  blood  at  a  definite  pH.  Following  the  suggestion  of 
Van  Slyke,  Austin,  and  Cullen  (14)  in  their  study  of  the  acid-base  changes 
consequent  upon  ether  anesthesia  we  have  compared  the  BHCO3  content  of 
the  two  bloods  at  the  initial  pH;  that  is,  the  pH  of  the  blood  before  the  heat 
application. 

Results. 

The  results  of  the  blood  findings  in  fifteen  studies,  carried  out 
in  the  manner  described,  are  summarized  in  Table  I.  For  a  more 
detailed  picture  of  the  individual  response  and  the  analytical  data 
obtained  for  construction  of  the  CO2  absorption  curves  the  reader 
is  referred  to  the  protocols  at  the  end  of  the  paper. 

With  one  exception  only,  we  have  observed  an  increased  alka- 
linity of  the  blood  following  heat  exposure.  It  will  be  seen  that 
in  a  considerable  number  of  experiments,  the  change  in  reaction 
of  the  blood  is  very  marked,  exceeding  0.1  of  a  Sorensen  unit. 

In  Fig.  1  the  CO2  absorption  curves  of  two  experiments  are 
presented  graphical^.  They  illustrate,  respectively,  the  depar- 
ture from  normal  where  there  is  a  marked  change  in  blood  reaction 
following  the  exposure  to  heat,  and  where  the  change  in  reaction 
and  alkali  reserve  is  slight. 

The  pH  values  obtained  are  not  presented  as  necessarily  abso- 
lute. Christiansen,  Douglas,  and  Haldane  (15)  and  others  have 
shown  that  whole  blood  in  the  course  of  a  few  hours  at  room 
temperature  develops  quantities  of  a  fixed  acid  sufficient  to  cause 
significant  changes  in  its  reaction.  Such  changes  undoubtedly 
occurred  in  our  experiments  during  the  3  to  5  hours  required  to 
complete  the  technical  procedure  incident  to  the  equilibration 
and  analysis.  It  is  instructive  in  this  connection  to  note  that  in 
Experiments  12  to  15  where  the  pH  was  determined  by  the  direct 
method  the  low  initial  pH  values  were  not  found.     The  same  in- 
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crease  in  the  alkalinity  of  the  blood  was  observed  in  this  series 
of  experiments  as  in  the  series  where  the  pH  was  obtained  from 
the  BHC03:H2C03  ratio.  We  feel  that  om-  results  based  as  they 
are  on  a  comparison  of  two  bloods  subjected  to  similar  treatment 
satisfactorily  measure  in  these  respects  the  changes  that  follow  the 
application  of  external  heat. 


TABLE  I. 

Changes  in  CO2  Content,  pH,  and  Alkali  Reserve  of  Venous  Blood  After 

Exposure  of  the  Body  to  External  Heat. 


Ex- 
peri- 

Subject. 

CO2 

content. 

O2 

content. 

02 

capacity. 

pH 

BHCO3 

at  initial 
pH. 

pH 

differ- 

ment 
No. 

•2 

2i 

.2 

pq 
vols. 

< 

vols. 

6 

a 

m 

vols. 

< 

vols. 

S 

< 

1 

m 

rols. 

< 

vols. 

ence. 

vols. 

vol-i. 

per 
cent 

per 
cent 

per 
cent 

per 
cent 

per 
cent 

per 
cent 

per 
cent 

per 
cent 

1 

J.D. 

46.243.7 

17.3 

21.2 

7.26 

7.52 

42.9 

48.1 

0.26 

2 

S.H. 

62.3  56.4 

5.5 

8.915.8 

15.7 

7.24 

7.45'57.7'66.3 

0.21 

3 

Dr.W. 

58.050.9 

7.21 

7.39'53.4'67.6 

0.18 

4 

S.R. 

48.545.4 

10.7 

14.8 

23.8 

7.30 

7.44  45.2 

45.7 

0.14 

5 

F. 

60.955.1 

7.23 

7.36  56.2 

0.13 

6 

A.L.E.C. 

60.9  56.9 

7.21 

7.32 

56.0 

63.7 

0.11 

7 

M.N. 

55.654.7 

7.21 

7.28 

51.1 

55.0 

0.07 

8 

G.C. 

55.147.5 

7.12 

7.20 

49.8 

47.3 

0.08 

9 

F.V.D. 

52.243.1 

7.20 

7.25 

47.9 

41.9 

0.05 

10 

B.L. 

48.2  47.7 

9.5 

14.7  18.0 

17.5 

7.26 

7.29 

44.7 

45.6 

0.03 

11 

F. 

54.7 

57.1 

6.7 

16.2 

7.27 

7.24 

50.7 

43.1 

-0.03 

12 

M.D. 

54.2 

53.1 

13.2 

15.1 

18.7 

7.43 

7.55 

51.5 

0.12 

13 

B.G. 

54.9 

56.4 

8.3 

12.1 

16.1 

12.6 

7.43 

7.51 

52.2 

0.08 

14 

S.H. 

54.6 

51.3 

9.3 

13.5 

19.5 

7.42 

7.47 

51.8 

0.05 

15 

M.G. 

56.452.3 

14.7 

14.3 

15.5 

16.5 

7.48 

7.52 

53.9 

0.04 

,  It  will  be  seen  from  Table  I  that  the  total  CO2  content  of  the 
blood  was  lower  after  exposm-e  to  heat  than  before  the  heat  was 
applied.  At  the  same  time  the  alkali  reserve  of  the  blood  is 
somewhat  greater.  Examination  of  the  oxygen  capacity  data 
in  these  experiments  and  in  the  series  of  seventeen  cases  studied 
by  Pemberton,  Hendrix,  and  Crouter  does  not  reveal  large  or 
consistent  variations  between  bloods  drawn  before  and  at  the  con- 
clusion of  the  bake.  Changes  in  the  volume  of  the  blood  might 
follow  the  large  loss  of  water  in  sweat  during  a  heat  experiment. 
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However,  there  is  no  indication  of  concentration  of  tlic  blood  if 
we  accept  the  oxygen  capacity  of  the  blood  as  an  index  of  blood 
volume  changes.    In  Experiment  2,  for  example,  there  is  no  change 
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Fig.  1.  CO2  absorption  curves  of  venous  blood  before  and  after  the 
external  application  of  heat. 


in  oxygen  capacity  although  there  is  a  distinct  rise  in  alkali  reserve. 
It  would  seem  that  this  increase  in  alkali  reserve  is  caused  by  a 
migration  of  base  from  the  tissues  into  the  blood. 
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The  increased  alkalinity  of  the  blood  is  reflected  in  compensatory 
changes  in  the  excretions  of  the  body,  similar  to  those  observed 
by  Bazett  and  Haldane.  An  alkaline  wave  usually  can  be  de- 
tected in  the  urine,  and  the  excretion  of  ammonia  is  diminished. 
The  urinary  alkaline  wave  may  be  transient  and  is  frequently 
followed  by  a  period  when  the  urine  is  more  acid  than  the  urine 
collected  beforehand.  In  experiments  where  we  failed  to  detect 
an  alkaline  wave  we  usually  had  not  secured  a  urine  specimen 
promptly  at  the  conclusion  of  the  bake. 

TABLE  II. 
Changes  in  the  Composition  of  the  Urine  and  Sweat  After  Exposure  of  the  Body 

to  External  Heat. 


Urine. 

Forehead  sweat 

pH 

Hourly  NH3  -  N. 

pH. 

Before. 

After. 

1st  hr. 
after. 

Before. 

After. 

1st  hr. 
after. 

Before. 

After. 

6.8 
7.0 
5.3 
6.8 
5.2 
5.7 
6.4 

7.4 
8.0 
5.4 
7.5 
5.0 
6.4 
7.2 

5.2 
6.1 

mg. 

17.4 
33.6 
21.8 

5.8 
36.0 
15.1 

7.7 

mg. 

12.0 
18.0 

18.7 
4.1 

18.0 
8.5 
6.5 

mg. 

8.6 
10.4 

7.5 

8.0 

4.8 
7.8 
4.8 
4.6 

8.0 

8.4 
5.8 
8.6 
7.0 
7.0 

The  progressive  change  in  the  reaction  of  forehead  sweat  from 
acid  to  alkaline,  a  change  to  which  Pemberton  and  Crouter  have 
already  called  attention,  may  be  regarded  as  another  compensa- 
tory sequel  of  the  decreased  aciditj^  of  the  blood.  In  a  further 
series  of  75  observations,  we  have  found  that  this  change  in  reaction 
of  sweat  almost  invariably  accompanied  the  continuance  of 
sweating  during  a  bake.  Typical  results  illustrating  the  extent 
of  the  changes  in  the  composition  of  the  urine  and  sweat  are  given 
in  Table  II. 

In  preliminary  observations,  Pemberton  and  Crouter  (7) 
compared  the  reaction  of  the  forehead  sweat  of  a  series  of  twenty- 
three  arthritics  and  a  series  of  ten  normals  during  and  after 
exposure  to  external  heat.     There  were  observed  small  differences 
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between  these  groups,  the  arthritic  showing  a  shghtly  more  acid 
reaction  throughout.  Extension  of  these  observations  to  a  series 
of  forty-one  arthi'itics  and  fourteen  normals,  however,  reveals  no 
difference  in  the  average  initial  or  subsequent  reactions  although 
some  of  the  arthritics  gave  a  pH  lower  than  any  normal  showed. 
These  last  also  seemed  less  subject  to  change  during  the  bake  and 
occasionally  showed  practically  no  change  at  all.  The  sweat 
reactions  of  the  two  groups  are  given  in  Table  III. 

TABLE  HI. 

Changes  in  the  Reaction  of  Forehead  Sweat  of  Arthritics  and  Normals  During 

External  Application  of  Heat. 


Normals. 

Arthritics. 

Arthritics. 

Arthritics. 

pH 

;,// 

pH 

pH 

5.6-6.9 

6.4-7.3-7.5 

6.1-7.3-7.4 

7.0-7.0 

7.7-8.0-8.0 

7.1-7.4-7.8 

7.4-8.0 

7.2-7.9-8.2 

7.9-8.0-8.1 

6.1-6.8 

6.7-7.2 

6.8-7.6 

7.0-7.6-8.0 

5.8-6.4 

4.6-4.6 

5.8-5.8-7.0 

7.6-7.8 

5.7-7.2-7.4 

5.8-6.4-6.8 

8.1-8.4-8.4 

7.4-7.8-7.8 

7.4-7.4 

6.9-7.6-7.6 

8.2-8.6-8.6 

6.6-7.8-8.0 

8.0-8.4-8.4 

7.4-7.6-7.6 

5.0-5.2-5.4 

5.9-6.7-7.2 

7.4-8.0 

6.8-7.2-7.4 

6.5-7.8-8.2 

6.8-7.2-7.6 

7.5-7.9 

5.8-6.8-7.3 

8.2-8.2-8.4 

7.4-8.0-8.0 

7.4-8.0-8.2 

8.0-        8.2 

5.7-        8.0 

6.7-7.4-7.4 

4.6-4.6-4.7 

8.2-        8.2 

4.6-6.0-7.0 

5.8-7.0-7.1 

6.0-7.6-8.0 

7.3-8.0-8.1 

7.5-        8.0 

5.8-6.4-7.2 

7.3-7.9-8.1 

7.6-        8.0 

6.3-7.6-7.6 

7.2-7.8-7.8 

8.0-8.4-8.4 

8.1-8.2-8.2 

Average. 

Average. 

6.8-7.5-7.7 

6. 8-7. 3-7. "6 

DISCUSSION. 

The  loss  of  carbon  dioxide  by  the  body  during  the  heat  experi- 
ments is  undoubtedly  of  prime  importance  as  a  factor  which 
leads  to  a  greater  alkalinity  of  the  blood.  The  marked  hyperpnea 
observed  by  Bazett  and  Haldane,  and  the  fall  in  alveolar  CO2 
found  by  them  and  other  investigators,  point  to  the  conclusion 
that  overventilation  of  the  lungs  results  in  a  CO2  deficit  and  a 
change  in  the  reaction  of  the  blood.  In  the  same  way  extensively 
forced  breathing  produces  similar  changes  in  the  blood  reaction. 
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The  analogy  between  the  results  of  external  heat  experiments  and 
the  findings  in  overbreathing  experiments  must  not  be  drawn  too 
closely,  however.  Collip  and  Bakus,  Grant  and  Goldman,  and 
Henderson  and  Haggard  (16),  the  latter  authors  working  with 
dogs,  report  a  large  fall  in  CO2  capacity  of  the  blood  as  a  result  of 
overventilation  of  the  lungs,  a  phenomenon  we  have  failed  to 
observe  in  our  experiments. 

The  increased  blood  flow  during  a  bake  presumably  favors  a 
more  ready  gas  exchange  between  tissues  and  blood.  The  skin  is 
a  path  of  CO2  loss  of  some  importance.  Schierbeck  (17)  and,  inde- 
pendently, von  Willebrand  (18) ,  working  inTiegerstedt's  laboratory, 
have  found  1.4  gm.  of  CO2  per  hour  given  off  by  the  skin  during 
active  sweating.  Miscellaneous  data  on  total  CO2  production  taken 
from  Lusk  (19)  indicate  a  total  CO2  production  of  about  30  gm. 
per  hour  with  a  32  per  cent  increase  during  a  rise  in  body  temper- 
ature induced  by  a  ho^  bath.  If  for  the  purpose  of  a  rough 
calculation,  we  use  these  figm-es  and  those  of  Schierbeck  and 
von  Willebrand,  3  to  4  per  cent  of  the  total  CO2  lost  during  a 
period  of  raised  body  temperature  and  active  sweating  is  elimi- 
nated by  the  skin. 

Koehler,  in  discussing  the  alkalosis  he  observed  in  fevers, 
suggests  that,  with  the  increase  of  oxidation  accompanying  the 
rise  in  body  temperature,  the  tissues  suffer  an  oxygen  want  and 
that  hydrogen  ion  stimulation  of  respiration  results  from  the 
anoxemia.  In  our  experiments  as  we  have  mentioned  above, 
the  venous  blood  is  more  highly  saturated  with  oxygen  after  the 
application  of  external  heat.  It  is  difficult  to  conceive  of  an 
anoxemia  arising  in  tissues  bathed  in  this  oxygen-rich  blood. 

It  is  rather  surprising  that  changes  in  the  acid-base  equilib- 
rium of  the  blood  of  the  magnitude  here  reported  should  follow 
what  is  considered  mild  exposure  to  heat.  The  electric  bake 
would  seem  to  demand  much  less  in  the  way  of  physical  adjust- 
ments to  it  than  is  required  during  long  continued  very  hot  baths. 
In  none  of  our  experiments  have  we  observed  any  serious  distress 
or  signs  of  tetany. 

The  disturbance  of  blood  equilibrium  that  may  follow  the 
indiscriminate  and  extreme  employment  of  heat  in  therapy, 
however,  is  clearly  indicated  from  the  response  we  have  observed 
in  mild  bakes  of  short  duration.     There  is  here  afforded  some 
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explanation  for  the  baneful  effects  which  patients  not  infrequently 
experience  at  uncritical  hands.  It  is  not  yet  indicated  that  the 
response  to  heat  by  the  arthritic  is  different  from  that  of  other 
individuals,  at  least  in  so  far  as  it  concerns  acid-base  equihbrium 
of  the  blood.  Our  observations  on  two  healthy  young  men  fail 
to  indicate  any  difference  between  arthritics  and  normals  in  this 
respect. 

SUMMARY. 

1.  CO2  absorption  curves  have  been  constructed  from  the 
analytical  and  equilibration  data  obtained  from  venous  blood 
drawn  before  and  at  the  conclusion  of  40  minutes  ex]:)Osure  of 
the  whole  body  to  the  heat  of  an  electric  cabinet.  In  other 
experiments  the  pH   of  venous  blood   was  measured  directly. 

2.  As  a  result  of  the  external  heat,  the  blood  becomes  more 
alkaline;  there  is  a  fall  in  its  total  content  of  CO2  and  a  slight  rise 
in  alkali  reserve.  These  changes  in  the  acid-base  equilibrium  of 
the  blood  cause  compensatory  changes  in  the  urine  and  sweat. 
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Protocols. 

Experiment  1. — J.D.   Chronic  arthritis.     Duration  of  bake  37  minutes. 
Maximum  temperature  in  cabinet  158°F. 


Oral  temperature 

Respiration  rate  per  min. 

Pulse  rate  per  min 

Urine  pH 

Forehead  sweat  pH 


Initial. 


97.6°F. 

14 

78 

6.4 

6.2 


Final. 


99.0°F. 

20 
96 

8.1 

7.8 


Equilibration. 

CO2  tension. 

CO2  content. 

Initial  blood 

mm. 

27.2 
62.2 
20.1 
96.1 

cols,  per  cent 

30.8 

Final  blood 

54.5 
40.9 

65.8 

Experiment  2. — S.  H.  Subacute  arthritis.     Duration  of  bake  40  minutes. 
Maximum  temperature  in  cabinet  134°F. 


Oral  temperature 

Respiration  rate  per  min. 

Pulse  rate  per  min 

Urine  pH 


Initial. 


99.5°F. 
16 

72 
5.4 


Final. 


100. 6°F. 

18 

90 
^    5.4 


Equilibration. 

CO2  tension. 

CO2  content. 

Initial  blood 

mm. 

19.6 
67.4 
23.4 
65.7 

vols,  per  cent 

37.0 

Final  blood 

58.3 
46.8 

66.2 
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Experiment  3. — Dr.  W.     Chronic  arthritis.     Duration  of  bake  50  min- 
utes.   IMaximum  temperature  in  cabinet  132°F. 


Final. 


Oral  temperature 

Respiration  rate  per  min 

Pulse  rate  per  min 

Urine  pH 

Forehead  sweat  pH 

Equilibration 

Initial  blood 

Final  blood 


CO2  tension.       CO2  content 


vim. 

vols,  per  cent 

24.1 

44.1 

82.2 

59.4 

22.4 

39.4 

65.7 

62.5 

Experiment  4- — S.R.     Chronic  arthritis.     Duration  of  bake  45  minutes. 
Maximum  temperature  in  cabinet  120°F. 


Final. 


Oral  temperature 

Respiration  rate  per  min 

Pulse  rate  per  min 

Urine  pH 

Forehead  sweat  pH 

Equilibration. 


CO2  tension. 

CO2  content. 

Initial  blood 

mm. 

20.6 
90.5 
24.9 
73.8 

vols,  per  cent 

34.1 

Final  blood 

62.3 
40.2 

57.7 
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Experiment  5. — F.     Chronic  arthritis.     Duration  of  bake  48  minutes. 
Maximum  temperature  in  cabinet  118°F. 


Oral  temperature 

Respiration  rate  per  min. 

Pulse  rate  per  min 

Urine  pH 

Forehead  sweat  pH 


Final 


99.2°F. 

18 

78 

5.2 

5.0 


Equilibration. 

CO2  tension. 

CO2  content. 

Initial  blood 

mrn. 

34.0 

103.. 3 

40.0 

62.8 

vols,  per  cent 
51  0 

Final  blood 

65.0 
49  2 

63.3 

Experiment    6. — A.E.L.C.    Normal.    Duration    of    bake    32    minutes. 
Maximum  temperature  in  cabinet  126°F. 


Oral  temperature 

Respiration  rate  per  min. 

Pulse  rate  per  min 

Urine  pH 

Forehead  sweat  pH 


Final. 


Equi 

libration. 

CO2  tension. 

CO2  content. 

Initial  blood 

mm. 

21.6 
87.1 
22.1 
83.1 

voh.  per  cent 

36.7 

Final  blood 

65.2 
40  4 

69.6 
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Experiment  7. — M.N.    Subacute  arthritis.     Duration  of  bake  40  min- 
utes.    Maximum  temperature  in  cabinet  138°F. 


Oral  temperature 

Respiration  rate  per  min. 

Pulse  rate  per  min 

Urine  pPI 

Forehead  sweat  pH 


Final. 


Equilibration. 

CO2  tension. 

CO2  content. 

Initial  blood 

mm. 
24.0 
90.5 
22.4 
116.4 

voh.  per  cent 

38  2 

Final  blood 

62.6 
40  8 

72.5 

Experiment  8. — G.C.     Normal.     Duration    of  bake  30  minutes.     Maxi- 
mum temperature  in  cabinet  112°F. 


Oral  temperature 

Respiration  rate  per  min. 

Pulse  rate  per  min 

Urine  pH 

Forehead  sweat  pH 


Initial. 


98.6°F. 

12 

60 

6.0 

7.2 


Final. 


99.1°F. 
14 

78 
6.0 
7.8 


Equilibration. 

CO2  tension. 

CO2  content. 

Initial  blood 

mm. 

20.4 
79.5 
20.3 
83.0 

vols,  per  cent 

27.9 

Final  blood 

53.6 
32.7 

55.8 
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Experiment  9. — F.V.D.     Chronic  arthritis.     Duration  of  bake  42  min- 
utes.    Maximum  temperature  in  cabinet  122°F. 


Oral  temperature 

Respiration  rate  per  min 

Pulse  rate  per  min 

Urine  pH 

Forehead  sweat  pH 

Equilibration 

Initial  blood 

Final  blood 


Initial. 


98.0°F. 
12 
60 
5.3 


Final. 


99.3°F. 

10 

66 

6.5 

7.0 


Experiment   10. — B.L.     Chronic      arthritis.     Duration      of      bake      47 
minutes.     Maximvun  temperature  in  cabinet  134°F. 


Final. 


Oral  temperature 

Respiration  rate  per  min 

Pulse  rate  per  min 

Urine  pH 

Forehead  sweat  pH 

Equilibration. 


CO2  tension. 

CO2  content. 

Initial  blood 

mm. 

25.0 
71.5 
23.3 
80.9 

vols,  per  cent 

31.6 

Final  blood 

55.7 
35.9 

61.2 
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Experiment  It. — F.     Chronic  arthritis.     Duration  of  bake  30  minutes. 
Maximum  temperature  in  cabinet  11S°F. 


Oral  temperature 

Respiration  rate  per  min 

Pulse  rate  per  min 

Urine  pH 

Forehead  sweat  pH 

Equilibration. 


Initial. 


98.4°F. 

16 

84 

5.8 


Final. 


99.1°F. 
12 
90 
6,0 

4.8 


CO2  tension. 

CO2  content. 

Initial  blood 

Final  blood 

7)1  m. 

17.6 
79.7 
17.4 
75.9 

vols,  per  cent 

32.7 
64.3 
29  3 

61.3 

Experiment  12. — M.D.     Chronic  arthritis.     Duration  of  bake  50  minutes. 
Maximum  temperature  in  cabinet  130°F. 


Oral  temperature 

Respiration  rate  per  min. 

Pulse  rate  per  min 

Urine  pH 


Final. 


Experiment  13. — B.G.     Chronic  arthritis.     Duration  of  bake  50  minutes. 
Maximum  temperature  in  cabinet  130°F. 


Oral  temperature 

Respiration  rate  per  min. 

Pulse  rate  per  min 

Urine  pH 


Initial. 


98.0°F. 
12 
66 
6.4 


Final. 


100. 4°F. 

16 
102 

7.2 
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Experiment  14- — S.H.     Subacute  arthritis.     Duration  of  bake  65  min- 
utes.    Maximum  temperature  in  cabinet  124°F. 


Oral  temperature 

Respiration  rate  per  min. 

Pulse  rate  per  min 

Urine  pH 

Forehead  sweat  pH 


Initial. 


Final. 


99.0°F. 

101. 0°F. 

16 

20 

72 

90 

5.3 

5.3 

6.2 

8.2 

Experiment  15. — M.G.     Subacute  arthritis.     Duration  of  bake  30  min- 
utes.   Maximum  temperature  in  cabinet  110°F. 


Oral  temperature 

Respiration  rate  per  min. 

Pulse  rate  per  min 

Urine  pH 

Forehead  sweat  pH 


Initial. 


Final. 


98.2°F. 

99.5°F. 

12 

16 

84 

90 

6.2 

7.8 

5.7 

5.8 
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THE  DETERMINATION  OF  FIBRINOGEN  BY  PRECIPITA- 
TION  WITH   SODIUM   SULFATE    COMPARED  WITH 
THE  PRECIPITATION  OF  FIBRIN  BY  THE  ADDI- 
TION OF  CALCIUM  CHLORIDE. 

By  PAUL  E.  HOWE. 

{From  the  Department  of  Animal  Pathology  of  The  Rockefeller  Insti- 
tute for  Medical  Research,  Princeton,  N.  J.) 

(Received  for  publication,  June  4,  1923.) 

Recently  we  have  had  occasion  to  make  a  considerable  number 
of  determinations  of  fibrin  by  the  method  of  CuUen  and  Van  Slyke, 
which  we  have  modified  slightly  (1).  Simultaneous  determina- 
tions were  made  by  precipitating  fibrinogen  with  10.6  per  cent 
sodium  suKate  at  37°C.,  and  some  determinations  by  the  methods 
of  Gram  (2)  and  of  Foster  and  Whipple  (3).  The  fundamental 
procedures  of  various  recent  methods  for  the  determination  of 
fibrin  and  fibrinogen  are  as  follows: 

(a).  Cullen  and  Van  Slyke  (4).  The  fibrinogen  of  oxalated  or  citrated 
plasma  is  permitted  to  clot  by  the  addition  of  calcium  chloride.  The 
nitrogen  content  of  the  fibrin  is  determined  after  suitable  washing. 

(6).  Howe  (a).  This  procedure  is  identical  in  part  with  the  above, 
but  modified  by  the  use  of  smaller  quantities  of  plasma,  a  greater  dilution 
during  coagulation,  and  the  analysis  of  an  aliquot  of  the  filtrate.  The 
two  methods  give  essentially  similar  results. 

(c).  Gram.  Procedure  similar  to  that  of  Cullen  and  Van  Slyke  so  far 
as  the  coagulation  is  concerned,  but  differs  in  that  the  fibrin  is  washed  with 
water,  dehydrated  with  alcohol  and  ether,  and  weighed  directly. 

(d).  Foster  and  Whipple.  Very  similar  to  the  procedure  of  Gram,  but 
differs  in  that  the  fibrin  is  not  dehydrated  with  alcohol  and  ether  but  is 
dried  at  110°C.,  weighed,  ashed,  again  weighed,  and  the  fibrin  calculated 
by  difference. 

(e).  Wu  (5).  Identical  with  the  procedure  of  Cullen  and  Van  Slj'^ke, 
but  modified  in  that  the  fibrin  is  analyzed  by  a  colorimetric  procedure. 
No  attempt  has  been  made  to  use  this  method;  for  some  purposes  it  should 
be  very  valuable, 
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(/).  Howe  (b).  Precipitation  with  10.6  per  cent  sodium  sulfate  at  37°C. 
This  procedure  has  not  been  described,  but  data  obtained  with  it  have 
been  published  (ti).  It  is  an  extension  of  the  method  proposed  for  the 
determination  of  the  proteins  of  blood  (1).  It  is  not  necessary  to  use 
sodium  sulfate.  The  following  molecular  concentrations  (grams  of  salt 
in  a  liter  of  water)  of  other  salts  will  give  essentially  the  same  results — 
1.0  molar  lithium  sulfate;  1.25  molar  magnesium  sulfate;  0.9  molar,  with 
regard  to  the  phosphate  radicle,  of  a  mixture  of  mono-  and  disodium  phos- 
phates in  the  proportion  of  1;2;  1.125  molar  solution  of  a  similar  mixture 
of  potassium  phosphates;  or  a  3.75  molar  solution  of  sodium  chloride.  The 
procedure  for  sodium  sulfate  is  as  follows;  Pipette  0.5  cc.  of  oxalated  or 
citrated  plasma  into  a  suitable  test-tube,  add  15  cc.  of  11  per  cent  sodium 
sulfate  solution'  at  37°C.  After  the  precipitate  has  settled, ^  or  better 
after  3  hours,  filter  on  a  dr}-  filter,  and  take  5  cc.  of  the  filtrate  for  analysis 
according  to  any  suitable  micro  nitrogen  method. 

In  some  of  our  work  determinations  have  been  made  bj'  a  number  of 
different  procedures,  but  the  data  presented  concern  chiefly  a  comparison 
of  procedures  (6)  and  (/).  Following  the  appearance  of  the  procedures  of 
Gram  and  of  Foster  and  Whipple,  determinations  were  made  by  these 
methods,  particularly  by  a  combination  of  the  two  methods  in  which  the 
fibrin  was  removed  after  coagulation  according  to  Foster  and  Whipple 
and  dehydrated  according  to  Gram.  The  data  presented  are  of  interest 
in  that  essential!}'  the  same  results  were  obtained  by  methods  which  in- 
volve apparently  different  types  of  reaction  for  precipitation. 

EXPERIMENTAL. 

A  series  of  80  determinations  on  different  samples  of  plasma 
according  to  procedure  (/)  was  compared  with  a  similar  series 
according  to  procedure  (6).  Data  according  to  (6)  were  taken 
as  the  basis  of  comparison.  In  the  course  of  the  analytical  work 
when  the  results  by  the  two  methods  did  not  agree  the  determin- 
ation by  procedure  (6)  was  repeated.  We  are,  then,  comparing 
in  most  cases  verified  values  by  method  (6)  with  unverified  values 
by  method  (f).     The  total  protein  nitrogen  content  of  the  plasmas 

'  The  volume  of  11  per  cent  sodium  sulfate  used  when  added  to  the  0.5 
cc.  of  plasma  gives  a  final  concentration  of  approximatelj^  10.6  per  cent  of 
sodium  sulfate,  or  a  0.75  volume-molecular  solution. 

2  The  precipitate  as  it  first  forms  has  the  appearance  of  fine  needle- 
like crystals  or  of  finely  divided  metal  in  gasoline.  This  form  soon  changes 
into  a  flocculent  precipitate.  This  phenomenon  has  not  been  observed 
with  any  other  protein  fraction,  where  the  precipitation  of  the  first  frac- 
tion occurs,  e.g.  euglobulin  in  serum  or  pseudoglobulin  II  in  new-born 
calf  serum. 
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ranged  from  O.GO  to  1.39  gm.  of  nitrogen  per  100  ec.  of  plasma,  and 
the  fibrin  values  from  0.028  to  0.233  gm.  of  nitrogen  per  100  cc. 
of  plasma.  The  high  total  nitrogen  and  high  fibrin  values  did  not 
necessarily  coincide.  Furthermore,  we  are  comparing  results  for 
fibrin  with  those  for  fibrinogen.  Data  on  all  samples  analyzed  as 
indicated  are  included,  there  was  no  selection  of  material. 

An  analysis  of  the  data  shows  the  average  variation  of  results 
by  the  sodium  sulfate  precipitation  from  those  of  the  calcium 
chloride  coagulation  to  be  0.004  gm.  of  nitrogen  per  100  cc.  of 
plasma,  in  favor  of  the  sodium  sulfate  precipitation.  If  we 
eliminate  the  determinations,  fifteen,  which  showed  a  variation 
greater  than  0.04  gm.  of  nitrogen  per  100  cc.  of  plasma,  the  average 
variation  is  0.0004  gm.  of  nitrogen.  The  distribution  of  the  plus 
and  minus  differences  is  nearly  even,  with  a  tendency  in  favor  of 
the  sodium  sulfate  precipitation.  In  forty-one  cases  the  quantity 
of  nitrogen  precipitated  by  sodium  sulfate  was  greater  than  by 
calcium  chloride,  and  in  thirty-one  cases  it  was  the  reverse,  while 
there  were  eight  cases  in  which  the  amount  of  protein  nitrogen 
was  the  same.  From  the  data  we  have  concluded  that  the 
results  obtained  by  the  determination  of  fibrinogen  by  precipita- 
tion with  10.6  per  cent  sodium  sulfate  at  37°C.  are  comparable 
with  those  obtained  by  the  coagulation  of  fibrinogen  with  calcium 
chloride  from  citrated  plasma  at  room  temperature.  It  is  to  be 
remembered  that  there  is  a  similarity  in  the  two  procedures  in 
that  in  both  cases  the  filtrate  was  analyzed  and  the  result  sub- 
tracted from  the  same  value  for  total  nitrogen. 

In  the  experiments  on  the  weight  of  fibrin  obtained  from  plasma 
as  compared  with  the  determination  of  nitrogen,  it  was  found  b}^ 
preliminary  determinations  that  the  results  by  the  Gram  method 
were  the  same  as  those  of  the  Foster- Wliipple  procedure  within 
the  limits  of  error  of  the  methods.  In  subsequent  work,  therefore, 
certain  details  from  each  procedure  were  used,  as  follows:  2  cc. 
of  plasma  were  measured  accurately,  to  this  were  added  40  cc.  of 
0.8  per  cent  NaCl  and  2  cc.  of  2.5  per  cent  CaClo.  After  the 
fibrin  had  formed  it  was  removed  according  to  the  procedure  of 
Foster  and  Whipple.  From  this  point  the  fibrin  was  dehydrated 
with  alcohol  and  ether  and  weighed  according  to  the  technique 
of  Gram.  The  solution  remaining  after  the  removal  of  the  fibrin 
was  filtered  on  a  dry  filter  and  anah'zed  according  to  procedure 


238     Fibrinogen  by  Precipitation  with  Na2S04 

(6)  above.  For  comparison  with  these  results  the  fibrin  formed 
in  the  determination  by  procedure  (b)  from  0.5  cc.  of  plasma  was 
similarly  removed  and  treated  and  the  solution  analyzed. 

A  series  of  thirteen  plasmas  was  analyzed  in  this  manner.  The 
total  nitrogen  varied  from  0.804  to  1.445  gm.  of  nitrogen  per  100 
cc.  of  plasma,  and  the  fibrin  from  0.047  to  0.155  gm.  of  nitrogen 
per  100  cc.  of  plasma.  The  averages  of  the  determinations  for 
the  0.5  and  2  cc.  samples,  expressed  with  relation  to  100  cc.  of 
plasma,  were  0.106  and  0.105  gm.;  weight  of  fibrin  0.658  and 
0.659  gm.  These  results  give  16.1  and  15.95  per  cent,  respectively, 
for  the  w^eights  of  fibrin  obtained  from  0.5  and  2  cc.  samples. 
The  percentage  values  are  given  only  as  an  indication  that  the 
relation  between  the  nitrogen  determined  and  the  weight  of  the 
fibrin  found  is  within  reasonable  limits,  for  the  quantities  of  plasma 
used  are  too  small  for  any  other  deduction. 

DISCUSSION   AND    CONCLUSIONS. 

From  the  figures  presented  it  appears  that  anj^  one  of  the  pro- 
cedures proposed  for  the  determination  of  fibrin  or  fibrinogen  is 
satisfactory.  The  significance  of  the  data  is  not  confined  to  the 
relative  accuracy  of  the  procedures  nor  to  the  development  of  a 
new  method.  The  Cullen-Van  Slyke  method,  or  our  modifica- 
tion of  this  method,  is  in  many  ways  preferable  to  the  use  of 
sodium  sulfate  at  37°C.  when  it  is  desired  to  determine  fibrin 
nitrogen,  because  it  can  be  carried  out  at  room  temperature.  If 
fibrin  alone  is  to  be  estimated,  the  combination  of  the  Foster- 
Whipple  and  Gram  methods  is  preferable.  The  fact  that  10.6 
per  cent  sodium  sulfate,  an  approximately  0.75  volume-molecular 
solution,  yields  essentially  the  same  results  as  the  formation  of 
fibrin  from  fibrinogen  by  the  addition  of  calcium  chloride  to 
citrated  plasma  is  of  importance.  This  fact  brings  the  deter- 
mination of  fibrinogen  into  harmony  with  the  other  concentra- 
tions of  sodium  sulfate  used  in  estimating  proteins  (1).  Thus  it 
appears  that  the  concentration  of  sodium  sulfate  required  for  the 
precipitation  of  the  various  "protein  fractions"  of  blood  after  the 
first  fraction  is  obtained  is  0.25  molar.  The  concentrations  of 
sodium  sulfate  which  yield  the  various  fractions  are:  fibrinogen 
0.75  molar  (10.6  per  cent);  euglobulin,  1.00  molar  (14.2  per  cent); 
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pseudoglobulin  I,  1.25  molar  (17.7  per  cent);  and  pseudoglobulin 
II,  1.50  molar  (21.5  per  cent).'*  The  first  two  fractions  give 
results  which  agree  very  closely  with  those  obtained  by  other 
procedures  in  which  the  precipitating  factor  is  not  that  of  ''salt- 
ing out",  as  the  term  is  ordinarily  used;  i.e.,  fibrin  by  recalcifi- 
cation  and  euglobulin  by  dilution  and  acidification  with  carbon 
dioxide. 

The  fact  that  similar  results  were  obtained  for  fibrin  by  the 
two  procedures  used  also  indicates  that  the  "overlapping"  of 
precipitation  limits  or  contamination  of  precipitates  by  adsorption 
is  approximately  the  same  in  either  process.  This  conclusion  is 
reached  from  a  consideration  of  the  different  bloods  used;  it  did 
not  matter  whether  the  blood  was  rich  or  poor  in  fibrin  or  con- 
tained none  of  the  next  protein  fraction,  new-born  calf,  or  was 
rich  in  euglobulin. 

There  may  be  some  question  as  to  the  propriety  of  comparing 
results  for  the  determination  of  fibrin  with  those  for  fibrinogen.'' 
The  question  of  the  presence  of  Hammarsten's  fibrinoglobulin 
(8)  has  not  been  entirely  settled.  The  analyses  of  the  blood 
plasma  and  serum  of  new-born  calves  suggest  that  there  is  not  a 
protein  present  which  requires  a  salt  concentration  for  precipi- 
tation other  than  that  required  for  fibrinogen,  or  if  it  is  present  it 
is  not  in  readily  demonstrable  amounts.  Thus  in  the  plasma  a 
precipitate  is  completed  at  10.6  per  cent  of  sodium  sulfate  and 
there  is  not  a  further  appreciable  precipitate  until  after  17.7  per 
cent  of  sodium  sulfate  has  been  added,  and  in  serum  no  appreci- 
able precipitate  occurs  until  after  17.7  per  cent  of  the  salt  is 
present.  In  the  latter  case  euglobulin  is  not  present  to  interfere 
with  the  observation  by  a  possible  overlapping  of  precipitation 
limits.  The  similarity  of  the  results  by  the  various  methods 
outlined  above  is  suggestive  in  this  connection. 

'  The  concentrations  for  euglobulin  and  pseudoglobulin  I  given  are 
slightly  different  from  those  first  proposed,  13.5  to  14.5  and  17.4  per  cent 
of  sodium  sulfate,  respectively.  The  concentrations  given  above  were 
found  to  give  the  same  results  with  blood  serum  and  are  the  optimum 
concentrations  for  colostrum  (7). 

*  That  fibrinogen  was  present  in  precipitates  with  salt  solutions  was 
demonstrated  by  dissolving  the  precipitate  in  water  and  adding  serum; 
fibrin  was  formed. 
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nitrogen  precipitated  l)y  a  given  concentration  of  sodium  sulfate 
as  compared  with  other  procedures  which  are  often  considered  as 
evidence  of  protein  fractions  of  blood,  then  the  data  obtained 
with  the  concentrations  of  sodium  sulfate  given  are  indicative  of 
the  completion  of  precipitation  of  fibrinogen,  euglobulin,  pseudo- 
globulin  I,  and  pseudoglobulin  II,  respectively,  present  in  blood 
plasma.  From  a  qualitative  point  of  view  the  constancy  of  the 
quantitative  results  obtained  by  che  addition  of  a  definite  amount 
of  a  salt  under  definite  conditions  of  temperature  and  dilution 
does  not  necessarily  indicate  a  separation  of  one  protein  fraction 
from  another,  since  any  concentration  of  salt  will  under  such 
conditions  give  concordant  results  with  the  same  sample  of 
serum  or  plasma.  It  is  because  of  the  latter  fact  that  the 
critical  zones  are  of  importance. 

There  is  a  regularity  in  the  increase  in  the  amount  of  sodium 
sulfate  required  for  the  precipitation  of  each  succeeding  protein 
fraction  from  blood  serum  or  plasma,  0.25  mol,  after  the  first 
protein  fraction  (fibrinogen)  is  precipitated,  which  appears  to  have 
a  bearing  on  the  nature  of  the  salting-out  process  and  the  separa- 
tion of  proteins  by  such  precedures.  If  the  series  of  concentra- 
tions of  sodium  sulfate  at  37°C.  is  extended  by  0.25  mol  beyond 
1.50  moP  (total  globulin)  into  the  region  of  concentrations  of 
salts  required  to  precipitate  albumin,  it  has  been  found  that  with 
a  1.75  molar  solution  a  relatively  small  quantity  of  protein  is 
precipitated,  of  a  magnitude  approximately  that  precipitated 
between  a  1.25  and  a  1.50  molar  solution.  With  a  2.00  molar 
solution  of  sodium  sulfate  a  larger  precipitation  occurs  and  another 
large  precipitation  with  2.25  molar  solution.  A  2.50  molar 
solution  of  sodium  sulfate  precipitates  practically  all  of  the  pro- 
tein, and  with  a  2.75  molar  solution  the  precipitation  of  protein  is 
complete.  There  is  a  possible  significance  in  the  fact  that  the 
largest  albumin  fraction  in  horse  serum  and  egg  white  occurs 
between  1.75  and  2.00  mols  of  sodium  sulfate,  while  in  cow  serum 
the  largest  fraction  is  between  2.00  and  2.25  mols  of  sodium  sulfate. 
Horse  serum  and  egg  white  contain  readily  crystallizable  albumin, 
while  it  is  difficult  to  obtain  crystalline  albumin  from  cow  serum. 
The  serum  of  the  chicken  and  the  pig  show  a  partition  of  albumin 

*  Unpublished  results. 
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more  like  that  of  horse  serum,  and  the  serum  of  the  sheep  and  man 
like  that  of  the  cow. 

The  data  with  regard  to  the  regularit\^  of  increase  in  the  con- 
centration of  salt  required  to  precipitate  succeeding  globulin 
fractions  have  been  extended  to  other  salts.  This  has  been 
accomplished  by  comparing  the  results  obtained  with  the  concen- 
trations of  sodium  sulfate  given  above  with  those  of  various  con- 
centrations of  lithium  sulfate,  magnesium  sulfate,  potassium 
sulfate,  mixtures  of  sodium  and  potassium  phosphate,  sodium 
chloride,  potassium  chloride,  and  lithium  chloride.  Calcium 
chloride  and  magnesium  chloride  have  been  studied  with  various 
results.  The  data  obtained  have  a  significance  which  is  independ- 
ent of  whether  or  not  the  quantitative  data  obtained  represent 
certain  protein  fractions. 

EXPERIMENTAL. 

Determinations  were  made  of  the  nitrogen  contained  in  the  fil- 
trates obtained  from  the  precipitation  of  protein  fractions  from 
0.5  cc.  of  blood  serum  or  plasma  by  the  addition  of  15  cc.  portions 
of  various  concentrations  of  salt,  calculated  on  the  anhydrous 
basis;  a  new  portion  of  blood  was  taken  for  each  determination. 
The  concentrations  of  salt  actually  used  were  higher  than  those 
given  in  the  tables  by  an  amount  equal  to  that  required  to  bring 
the  0.5  cc.  of  plasma  to  the  same  concentration.  The  general 
procedure  of  precipitation  and  filtration  has  been  previously 
described  (4).  All  precipitations  were  made  at  37°C.  although  it 
has  been  found  in  cases  where  the  salt  was  sufficiently  soluble  at 
ordinary  temperatures  that  similar  results  may  be  obtained  at 
room  temperature.  The  data  were  obtained  from  time  to  time 
on  various  samples  of  blood  as  they  became  accessible  in  other 
connections  and  they  represent  results  on  fresh  blood.  On  the 
other  hand,  samples  of  serum  which  had  been  kept  for  8  to  10 
months  gave  similar  values.  The  results  presented  represent 
concentrations  of  a  given  salt  required  to  yield  the  anah-tical 
values  obtained  with  sodium  sulfate. 

In  Table  I  are  summarized  data  with  regard  to  the  different 
salts. 
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The  following  facts  are  evident  from  the  data  presented  in 
Table  I: 

(a).  The  molar  concentration  of  a  salt  required  for  the  com- 
pletion of  precipitation  of  the  first  protein  fraction  may  be  differ- 
ent for  different  salts. 

(6).  There  is  a  constant  additional  amount  of  salt  required  for 
each  succeeding  fraction  after  the  precipitation  of  the  first  frac- 
tion, called  the  "increment  of  salt.'' 


TABLE  I. 

Volume-Molar  Concentrations  of  Salt  Required  for  the  Equal  Precipitation 

of  Certain  Protein  Fractions  from  Blood  When  Compared 

with  the  Results  Obtained  with  Sodium  Sulfate* 


Salt. 

Protein  fractions. 

Increment  of  salt. 

I 

II 

III 

IV 

Mols. 

Equivalent 
of  base. 

Sodium  sulfate 

0.75 
0.75 
1.00 
1.25 
1.25 
1.25 

0.90 

1.125 
3.75 
3.75 
5.00 

1.00 

1.40 
1.50 
1.625 
1.50 

1.20 

1.425 
5.00t 

0.00 

1.25 

1.80 
1.75 
2.00 
1.75 

1.50 

1.725 

7.00 

1.50 

2.20 
2.001 
2. 375 J 
2.00 

1.80 

2  025 

8.00 

0.25 

0.40 
0.25 
0.375 
0.25 

0.30 

0.30 
5  X  0.25 

5  X  0.20 

0  50 

Potassium     "      

Lithium         "      

0.80 

Ammonium  "     f 

Magnesium  "       

Zinc                "     § 

0  50 
0.75 
0.50 

Sodium   phosphate  mix- 
ture  

0  50 

Potassium        phosphate 
mixture 

0.50 

Sodium  chloride 

5  X  0.25 

Potassium     "              

Lithium         "           If 

5  X  0.20 

*  No  data  are  given  for  magnesium  and  calcium  chloride.  If  the  relation 
between  sulfates  and  chlorides  holds  for  these  two  salts,  it  is  impossible 
to  have  sufficient  magnesium  chloride  in  solution  to  precipitate  the  first 
fraction  from  plasma.  The  concentration  of  calcium  chloride  required 
for  serum  is  of  the  same  order  of  magnitude  as  that  for  the  chlorides  studied. 
A  5  molar  solution  of  calcium  chloride  when  added  to  cow  serum  will  give 
a  slight  precipitate,  but  will  not  precipitate  new-born  calf  serum.  If  the 
solutions  obtained  be  allowed  to  stand,  ultimately  most  of  the  protein  will 
be  precipitated  in  both  cases.  These  precipitates  are  insoluble  upon  the 
addition  of  water.  It  is  apparent  that  in  the  case  of  calcium  chloride 
there  is  a  secondary  action  which  is  not  related  specifically  to  Fractions  II 
or  III  and  which  is  apparently  a  general  protein  reaction. 

t  The  values  for  ammonium  sulfate  are  not  so  clear-cut  as  for  the  other 
salts.    The  data  were  obtained  by  determining  the  protein  by  the  pro- 
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(c).  The  increment  of  salt  required  for  various  salts  may  be 
different,  but  is  not  necessaril}^  so. 

(d).  The  increment  of  base  required  for  each  fraction  appears 
to  be  the  same,  or  a  multiple,  for  different  anions;  i.e.,  there 
appears  to  be  a  definite  relation  between  the  various  series  of  salts. 

The  Influence  of  the  Cation  in  the  Precipitation  of  Protein. — In 
Table  II  data  are  presented  showing  the  effect  of  varying  the  pro- 
portions of  monosodium  (or  potassium)  and  disodium  (or  potas- 
sium) phosphate.  The  proportions  of  the  two  phosphates  selected 
were  those  used  by  vSorensen  in  preparing  dilute  phosphate  solu- 
tions having  different  hydrion  concentrations.  The  hj^drion 
concentrations  of  the  solutions  used  at  the  given  salt  concentra- 
tions are  not  those  obtained  in  dilute  solution;  they  did  give  the 
correct  hydrion  concentration  when  diluted. 

It  is  apparent  from  the  data  presented  in  Table  II,  which  cover 
only  extreme  combinations  of  phosphates,  that: 

(a).  Within  a  limited  range,  variations  in  the  relative  i3ropor- 
tions  of  monosodium  (or  potassium)  and  disodium  (or  potassium) 
phosphate,  equal  precipitation  of  protein  occurs  when  the  con- 
centration of  base  is  the  same. 

(6).  When  the   concentration   of  the   cation  is   constant  the 

cedure  of  Wu  (5).  These  values  agree  closely  with  those  which  have 
formerly  been  used  on  the  basis  of  percentage  saturation.  The  analytical 
values  on  cow  serum  obtained  with  ammonium  sulfate  agree  with  those 
obtained  with  sodium  sulfate.  On  the  other  hand,  when  a  concentration  for 
Fraction  III  is  added  to  new-born  calf  serum  a  slight  precipitate  is  obtained 
with  ammonium  sulfate,  but  not  with  any  of  the  other  salts  used.  No  pre- 
cipitation occurs  at  1.58  mols  of  ammonium  sulfate.  This  is  the  onW  case,  so 
far  found,  in  which  the  absence  of  precipitation  with  new-born  calf  serum 
has  not  coincided  with  the  agreement  of  analytical  data  on  cow  serum.  We 
prefer  for  the  present  to  assume  that  there  is  an  anomalous  behavior  in  the 
case  of  ammonium  sulfate. 

t  The  following  are  the  approximate  values  in  terms  of  a  saturated 
solution  for  the  salts  indicated:  ammonium  sulfate,  2.00  molar  =  one-half 
saturated  solution;  magnesium  sulfate,  2.375  molar  =  saturated  solution; 
sodium  chloride,  5.00  molar  =  saturated  solution. 

§  Precipitations  with  zinc  sulfate  are  not  so  clear-cut  as  with  the  other 
sulfates;  i.e.,  it  is  much  more  difficult  to  obtain  consistent  determinations. 

^  It  is  possible  to  obtain  consistent  data  with  lithium  chloride  onh'  by 
filtering  soon  after  precipitation,  otherwise  the  precipitate  becomes  in- 
soluble and  additional  protein  is  also  precipitated. 


246 


Precipitating  Capacity  of  Salts 


concentration  of  the  PO.i  radicle  may  vary  nearly  0.8  mol  without 
appreciably  affecting  the  analytical  results.  This  fact  holds  for 
all  the  globulin  fractions. 

(c).  The  increment  of  base  between  the  various  protein  frac- 
tions is  the  same  as  that  for  the  sulfates.  The  data  presented  on 
mixed  salts,  given  below,  makes  it  permissible  to  assume  that  if 
potassium  sulfate  were  sufficiently'  soluble  it  would  give  results 
similar  to  those  obtained  for  sodium  sulfate. 

(rf).  The  beginning  concentration  for  the  precipitation  of  the 
first  protein  fraction,  with  regard  to  the  PO4  ion,  is  not  the  same 

TABLE  II. 

Precipitation   of  Protein  by    Various   Mixtures   of    Potassium    Phosphate. 

Results  Are  Expressed  as  Grams  of  Nitrogen  per  100  Cc.  of  Plasma 

and  Represent  the  Quantity  of  Nitrogen  Remaining  in  the  Filtrate 

after  Precipitation. 


Salt. 

Protein  fractions.* 

I 

II 

III 

IV 

0.940 

0.791 

0.621 

0.524 

KH2PO4 

T'  -LTT^r^    ratio. 

K2HPO4 

1 
2 

8 
1 

0.912 
0.932 
0.930 

0.795 
0.791 
0.783 

0.625 
0.620 
0.593 

0.524 
0.522 
0.520 

*  Total  nitrogen  =  0.993  gm.  N. 


for  the  sodium  and  potassium  phosphates  as  it  is  for  the  sulfates 
and  chlorides. 

(e).  There  is  a  slightly  greater  precipitation  of  protein  with  the 
higher  proportions  of  acid  phosphate,  but  this  is  small  in  compari- 
son with  the  quantity  of  protein  precipitated.  If  the  proportion 
of  acid  phosphate  be  sufficiently  increased,  a  precipitation  occurs 
which  is  not  related  to  the  concentration  of  base  but  to  the 
hydrion  concentration. 

Table  III  contains  data  relating  to  the  variation  in  the  concen- 
tration of  PO4  ion  which  exists  when  the  concentration  of  base  is 
maintained  the  same. 

Precipitation  by  Mixtures  of  Salts.— The  regular  increment 
required  for  the  precipitation  of  the  various  protein  fractions  after 
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the  concentration  for  the  first  fraction  has  been  determined  offers 
an  opportunity  for  comparing  mixtures  of  salts.  Some  experi- 
ments have  been  made  on  the  assumption  that  the  same  amount 
of  protein  will  be  precipitated  by  an  increment  of  salt  whether  it  be 
added,  alone  or  in  multiples,  to  its  own  beginning  concentration  or 


TABLE  III. 
Molecular  Concentralions  wilh  Regard  to  POi  to  Give  Equal  Na  or  K  Con- 
centrations for  Sodium  or  Potassium  Phosphate  Equivalent  to  the  Na  or 
K  Concentration  at  pH  7.0  * 


Protein  fractions. 


II 


III 


Sodium  phosphate  mixture. 


Concentration    of    so- 
dium, mols 


Mols  of  PO4  ion 

NaHaPO, 

r;    TTTi/-.    ratio. 

Na2HP04 


1.50 


1.35 

0.9 

0.79 


2.00 


1.80 
1.20 
1.059 


2.50 


2.25 
1.50 
1.32 


Potassium  phosphate  mixture. 


IV 


3.00 


2.70 
1.80 
1.58 


Concentration           of 

potassium,  mols 

1.875 

2.375 

2.875 

3.375 

Mols  of  PO4  ion. 

KH2PO4 
K2HPO4  '^^'''- 

8 
I 

1.6875 

2.1375 

2.5875 

3.375 

h 

1.125 

1.425 

1.725 

2.025 

^ 

0.986 

1.223 

1.481 

1.739 

I 


*  The  ratios  of  monosodium  (or  potassium)  phosphate  to  disodium 
(or  potassium)  phosphate  used  when  in  0.15  molar  solution  have  hydrion 
concentrations  as  follows :  f  —  pH  5.8;  |  — pH  7.0;  re  — pHS.O. 

to  the  beginning  concentration  of  another  salt.  Preliminary  data 
indicate  that  for  mixtures  of  sulfates  and  of  sulfates  and  chlorides 
the  assumption  is  in  general  correct,  or  the  deviations  are  not 
great.  Mixtures  of  phosphates  and  sulfates  have  given  unsatis- 
factory results  so  far,  but  not  sufficient  to  be  called  negative. 
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DISCUSSION. 

Tlio  tlata  presented  above  bear  upon  an  old  problem.  The 
first  related  study  was  made  by  Lewith  (6),  which  was  amplified 
and  discussed  by  Hofmeister  (7).  The  subject  has  been  discussed 
in  detail  by  Spiro  (8)  and  Chick  and  Martin  (9),  reviewed  by 
Hober  (10)  and  Robertson  (11),  and  therefore  another  attempt 
will  not  be  made  here. 

These  experiments  are  comparable  to  those  of  Lewith  and  of 
Hofmeister  in  that  the  concentration  of  salt  required  for  the  com- 
pletion of  the  precipitation  of  the  first  fraction  should  correspond 
veiy  closely  with  the  beginning  of  visible  precipitation  of  protein 
which  was  used  by  these  investigators  as  the  index  of  the  relative 
efficiency  of  different  salts.  Our  index  of  equal  efficiency  is,  how- 
ever, more  rigorous.  The  number  of  salts  studied  was  smaller 
than  might  be  desirable.  With  few  exceptions  no  attempt  has  been 
made  to  studj-  salts  which  are  not  capable  of  precipitating  more 
than  two  of  the  globulin  fractions.  It  is  possible  that  with  the 
extension  of  the  suggestive  results  obtained  with  mixed  salts  we 
have  a  method  of  studying  the  relative  precipitating  efficiency  of 
other  less  soluble  salts.  The  data  presented  appty  particularly  to 
the  comparison  of  the  relative  effects  of  the  cations.  Changes 
in  hydrion  concentration  have  not  been  studied  except  such  as 
were  present  in  the  phosphate  mixtures;  the  actual  hydrion  con- 
centration in  these  cases  is  only  known  approximatel^y.  The 
precipitations  took  place  in  a  range  of  hydrion  concentrations  in 
which  considerable  variations  can  occur  without  affecting  the 
quantity  of  protein  precipitated  (9,  12,  and  our  own  experiments). 

The  results  obtained  have  both  a  practical  and  a  theoretical 
value.  From  a  practical  point  of  view,  which  is  related  entirety 
to  the  current  acceptance  of  protein  fractions  obtained  b}'  salting- 
out,  the  number  of  salts  which  may  be  used  for  fractioning  and 
studying  the  proteins  of  blood  has  been  extended. 

It  is  impossible  to  do  more  than  to  speculate  on  the  theoretical 
significance  of  the  data  at  this  time,  since  an  adequate  conception 
of  the  nature  of  concentrated  solutions  is  not  available.  Past 
evidence  combined  with  that  which  is  presented  makes  it  apparent 
that  the  precipitation  of  protein  fractions  by  means  of  salts  under 
the  conditions  emploj^ed  involves  (a)  both  the  cation  and  the 
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anion  of  the  salt,  (6)  for  a  given  anion  the  cation  is  the  determining 
factor  in  precipitation,  (c)  the  valence  of  the  cation  is  not  a  pre- 
dominant factor,  and  (d)  for  a  given  anion  the  order  of  magnitude 
of  the  concentration  of  the  cation  required  is  a  multiple  of  that 
required  for  that  of  any  other  anion  and  is  characteristic  of  the 
anion.     The  latter  statement  holds  in  general  for  the  salts  studied. 

The  relative  efficiency  of  salts  can  be  compared  on  two  bases: 
(a)  that  used  by  Hofmeister  in  which  we  would  use  the  completion 
of  precipitation  of  the  first  protein  fraction  from  plasma,  and  (b) 
the  increment  of  salt  or  of  cation  required  for  each  subsequent 
fraction.  Our  results  agree  in  general  with  those  of  Lewith  and 
of  Hofmeister,  with  the  exception  of  lithium  sulfate  and  potassium 
phosphate  which  are  required  in  higher  concentrations  than  found 
by  these  authors.  The  determination  of  the  concentration  of 
salt  required  for  the  precipitation  of  the  first  fraction  from  blood 
plasma  is  open  to  some  variation  in  case  only  that  concentration 
is  being  determined.  This  is  true  because  there  is  a  zone,  provided 
the  concentration  of  the  immediate  protein  fractions  is  not  too 
large,  of  at  least  1  per  cent  of  salt  in  which  there  may  be  but 
slight  change  in  the  quantitative  results.  When  the  concentra- 
tions for  the  subsequent  fractions  are  determined,  however,  this 
latitude  is  restricted  since  four  points  must  be  satisfied  instead 
of  one. 

The  quantity  of  chloride  required  for  precipitation  of  the 
various  fractions  is  of  the  order  of  five  times  the  beginning  con- 
centration for  the  corresponding  sulfate.  This  relation  holds  for 
sodium  chloride,  potassium  chloride,  and  lithium  chloride,  and 
apparently"  for  calcium  chloride.  If  we  assume  that  the  quantity 
of  magnesium  chloride  required  to  precipitate  the  first  fraction  is 
five  times  the  concentration  for  magnesium  sulfate  then  it  is  not 
possible  to  have  sufficient  magnesium  chloride  in  solution  to 
precipitate  the  first  fraction;  magnesium  chloride  does  not  precipi- 
tate the  first  fraction  of  blood.  On  the  other  hand,  the  addition 
of  five  times  the  increment  of  magnesium  ion  found  for  magnesium 
sulfate  to  a  0.75  molar  solution  of  sodium  sulfate  will  not  give  a 
precipitate  with  serum;  a  good  precipitate  is  obtained  with  a 
solution  containing  1., 375  mols  of  sodium  sulfate  plus  1.875  mols 
of  magnesium  chloride. 
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When  the  various  salts  arc  coniparod  on  the  basis  of  the  incre- 
ment between  the  various  fractions  after  the  precipitation  of  the 
first  protein  fraction  of  plasma,  \vc  find  that  for  the  sulfates, 
sodium  and  potassium  are  equally  effective,  magnesium  is  next, 
and  then  lithium.  The  correspondence  of  the  values  for  sodium 
and  potassium  may  be  of  significance.  Rronsted  (13)  has  found 
the  salting-out  capacity  of  sodium  and  potassium  ions  to  be  very 
nearly  equal,  approximately  1  per  cent  higher  for  sodium  than  for 
potassinm.  Such  a  difference  would  not  be  readily  demonstrable 
in  our  work;  if  it  was  present,  we  might  still  be  able  to  obtain 
concordant  results  at  all  of  the  critical  zones  although  a  long  series 
of  experiments  should  show  a  deviation  in  one  direction. 

The  relation  between  the  increment  of  salt  required  for  the 
succeeding  fractions  for  the  sulfates  and  chlorides  does  not  seem 
to  hold  as  regularly  as  for  the  beginning  concentrations.  With 
the  exception  of  sodium  and  potassium  chlorides,  there  are  diffi- 
culties in  working  with  the  available  chlorides  as  indicated  in  the 
experimental  work.  For  sodium  and  potassium  chloride  the 
increment  is  five  times  the  increment  found  for  the  sulfates. 
For  lithium  chloride  the  increment  is  five  and  one-half  times  the 
increment  for  lithium  sulfate.  With  regard  to  the  increment  of 
the  equivalent  of  base  the  values  for  the  chlorides  are  two  and 
one-half  times  the  value  for  the  sulfates  in  the  case  of  sodium  and 
potassium  and  one  and  one-quarter  times  the  value  for  lithium. 
In  the  case  of  magnesium  chloride  the  increment  is  apparently 
much  larger  than  five  times  the  increment  for  magnesium  sulfate. 
The  data  cited  with  regard  to  the  precipitation  of  the  first  protein 
fraction  of  blood  serum  by  magnesium  chloride  and  magnesium 
sulfate  indicate  that  there  is  a  much  larger  difference  or  that  we 
were  observing  another  phenomenon  of  mixed  salts.  On  the  other 
hand,  there  is  no  difficulty  in  mixing  sodium  sulfate  and  lithium 
or  magnesium  sulfate  or  of  mixing  sodium  chloride  and  sodium 
or  magnesium  sulfate. 

A  relation  has  been  sought  by  various  investigators — see 
Washburn  (14)  and  Hober  (10)  for  a  consideration  of  such  work — 
between  the  hydration  of  the  ions  of  a  salt  and  its  relative  efficiency 
in  salting-out,  which  has  not  always  been  found.  From  the  data 
available  on  the  hydration  of  the  ions  of  salts  and  the  results 
presented  in  this  paper,  it  is  apparent  that  so  far  as  the  relation 
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existing  in  the  solution,  exclusive  of  the  protein,  is  concerned 
salts  with  highly  hydrated  ions  are  not  so  effective  as  those  with 
less  hydrated  ions.^  Thus  the  lithium  ion  is  more  highly  hydrated 
than  the  sodium  ion  (15,  16)  but  sodium  sulfate  and  sodium 
chloride  are  more  effective  in  precipitating  proteins  than  lithimn 
sulfate  and  chloride,  when  compared  on  the  basis  of  the  beginning 
concentration.  Potassium  and  sodium  sulfates  or  chlorides  are 
approximately  equally  effective,  but  the  potassium  ion  is  less 
hydrated  than  the  sodium  ion. 

The  recent  work  of  Garrett  and  Lewis  (17)  indicates  that  the 
assumption  that  the  water  of  hydration  is  always  reserved  for  the 
exclusive  use  of  the  substance  hydrated  is  open  to  question.  These 
investigators  found  that  the  solvent  power  of  the  water  of  hj'dra- 
tion  of  various  substances  may  vary.  They  have  suggested  that 
"when  both  colliding  individuals  are  hydrated,  mutual  solubility 
or  penetration  occurs.  If  only  one  individual  is  hydrated  no 
generalization  can  as  yet  be  made." 

The  data  on  the  precipitation  of  proteins  by  mbctures  of  sodium 
or  potassium  phosphates  indicate  that  for  a  given  anion  the  cation 
is  the  effective  agent.  With  essentially  equal  precipitation  when 
the  concentration  of  the  cation  was  kept  constant,  the  variation 
in  the  concentration  of  the  PO4  ion  was  sufficient  to  have  pre- 
cipitated practically  all  of  the  globulin  present  in  blood  serum,  on 
the  assumption  that  the  cation  and  anion  are  equally  effective. 
That  the  anion  has  an  effect  in  the  precipitation  of  protein  is 
evident  from  data  on  the  relative  effectiveness  of  various  anions 
when  the  same  cation  is  present. 

2  It  is  possible  that  in  the  case  of  the  high  concentrations  of  the  chlorides 
of  lithium  and  calcium  there  is  a  relation  between  the  relative  ease  with 
which  these  compounds  produce  insoluble  protein  precipitates  and  their 
pronounced  tendency  to  form  hydrates.  Thus  protein  precipitated  by 
lithium  chloride  is  soluble  in  water,  plus  the  salt  present,  for  some  time 
after  precipitation  but  ultimately  it  becomes  insoluble.  The  precipitate 
with  lithium  sulfate  does  not  become  insoluble  within  a  reasonable  length  of 
time.  With  calcium  chloride  the  action  is  much  more  rapid,  if  the  con- 
centration of  calcium  chloride  is  just  sufBcient  to  produce  a  good  turbidity 
the  precipitate  can  be  redissolved  by  the  addition  of  water  for  2  or  3  hours 
afterward,  but  ultimately  this  is  impossible.  On  the  other  hand,  if  a 
good  flocculation  is  produced  with  calcium  chloride  (higher  concentration), 
it  is  necessary  immediately  to  add  water  to  prevent  the  formation  of  an 
insoluble  precipitate.     The  change  appears  to  be  progressive. 
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While  data  have  many  times  been  presented  with  regard  to  the 
specificity  of  action  of  ions  in  the  salting-out  of  protein  by  the 
comparison  of  the  effects  of  various  cations  having  a  common 
anion,  so  far  as  we  can  find  no  one  has  previously  demonstrated 
that  under  certain  conditions  the  action  of  one  ion  is  relatively 
independent  of  the  other  by  varying  the  quantity  of  one  ion  while 
the  other  ion  is  kept  at  the  same  concentration. 

Sodium  and  potassium  have  been  found  to  be  equally  effective 
as  precipitants  of  protein  with  regard  to  the  increment  of  base 
when  combined  with  the  sulfate  or  phosphate  radicle.  This  is 
true  in  spite  of  the  fact  that  the  concentrations  for  beginning 
precipitation  are  different  in  the  case  of  sodium  and  potassium 
phosphates,  a  difference  which  is  too  great  to  be  accidental. 

The  evidence  which  Bronsted  (13)  has  obtained  from  a  study 
of  the  solubility  of  inorganic  compounds  in  salt  solutions  has 
many  points  in  common  with  the  data  presented  in  this  paper  on 
complex  protein  substances.     This  investigator  finds: 

"l.  The  activity  coefficient  of  an  ion  may  be  determined  by  two  factors, 
one  of  which  is  due  to  the  salting-out  effect  of  the  salt  solution  serving  as 
solvent  and  the  other  to  electrical  interaction  between  the  said  ion  and  the 
ions  of  the  solvent. 

2.  Ions  are  uniformly  influenced  by  ions  of  their  own  sign.  Their 
activity  coefficients  depend,  therefore,  only  upon  the  action  of  ions  of 
opposite  sign  and  the  salting-out  effect  of  the  solvent. 

3.  The  salting-out  effect  of  a  salt  solution  can  be  represented  as  a  product 
of  the  salting-out  effects  of  the  separate  ions." 

Bronsted 's  data  were  obtained  by  comparing  the  solubility 
of  various  inorganic  compounds  in  the  presence  of  salt  solutions 
of  equal  total  ion  concentration,  whereas  our  data  relate  to  the 
concentrations  of  salt  which  have  equal  salting-out  abilit3^  Under 
such  conditions  we  have  found  that  sodium  and  potassium  salts 
of  the  same  structure  are  approximately  equally  effective,  and  the 
ratios  of  the  concentrations  required  as  sulfate  to  those  required 
as  chloride  are  the  same  for  these  cations.  The  latter  fact 
apparently  holds  for  the  beginning  concentration  for  lithium 
chloride,  but  on  the  basis  of  the  increment  of  salt  lithium  as  a 
chloride  is  relatively  twice  as  effective  as  when  present  as  a 
sulfate.  The  relation  between  sodium  and  potassium  phosphates 
is  not  that  which  exists  for  the  sulfates  with  regard  to  the  beginning 
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concentration,  but  it  holds  for  the  increment  of  salt.  These 
facts  agree  in  general  with  Bronsted's  findings  that  the  ratio 
of  the  salting-out  capacities  of  two  cations  is  the  same  for  any 
anion  and  that  a  similar  relation  holds  for  two  anions  with  a 
common  cation. 

An  explanation  will  not  be  attempted  at  present  of  the  salting- 
out  of  protein.  The  relatively  limited  knowledge  with  regard 
to  the  nature  of  concentrated  solutions  and  the  assumptions 
which  must  be  made  in  order  to  account  for  certain  effects  in  the 
salting-out  of  inorganic  compounds  do  not  admit  of  more  than 
speculation  wath  regard  to  the  salting-out  of  proteins.  We  are 
inclined  to  the  acceptance  of  the  idea  that  the  phenomenon  is 
related  to  processes  of  solubility  and  salting-out  which  obtain 
with  inorganic  salts.  This  is  essentially  an  acceptance  of  the 
fundamental  conception  first  expressed  by  Spiro  (8)  and  confirmed 
by  Hardy  (18),  that  salting-out  could  best  be  explained  as  a 
separation  into  phases.  Spiro  introduced  the  idea  that  there  was 
a  qualitative  specific  factor,  solution  intensity,  which  should  be 
taken  into  consideration.  Loeb  (19)  has  recently  presented 
evidence  to  show  that  the  conditions  which  are  responsible  for  the 
stability  of  proteins  in  solution  and  the  precipitation  of  proteins 
by  high  concentrations  of  salts  represent  the  forces  of  secondary 
valency,  developed  by  Langmuir,  responsible  for  the  stability 
of  crystalloids  in  general.  On  the  basis  of  Loeb's  distinction 
between  colloidal  properties  and  crystalloidal  properties  of 
protein  solutions,  our  data  are  more  in  agreement  with  his  evi- 
dence on  the  crystalloidal  properties  of  proteins.  McBain  and 
Salmon  (20)  assume  the  possibility  of  soap  existing  in  either 
the  cr^^stalloidal  or  the  colloidal  state. 

The  significance  of  the  threshold  concentration,  i.e.  the  concen- 
tration of  salt  required  to  bring  a  protein  solution  to  the  point 
where  the  addition  of  an  increment  of  salt  will  cause  precipitation, 
and  of  the  increment  of  salt  must  be  left  for  further  study.  If 
the  relation  between  the  degree  of  hydration  of  the  various  pro- 
teins of  blood  and  the  quantity  of  salt  required  to  precipitate  a 
protein  fraction  holds,  as  suggested  by  Chick  (21),  then  the  quan- 
tit}^  of  water  held  by  successive  protein  fractions  is  less  for  each 
fraction  by  an  equal  amount;  her  data  do  not  show  this  relation, 
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there  is  sonic  question  as  to  the  accuracy  of  the  calculations  based 
on  her  determinations,  which  docs  not,  however,  detract  from 
the  general  value  of  the  results.'' 
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STUDIES  IN  INORGANIC  METABOLISM. 

I.  THE  INFLUENCE  OF  COD  LIVER  OIL  UPON  CALCIUM  AND 
PHOSPHORUS  METABOLISM. 

By  B.  SJOLLEMA. 

{From  the  Chemical  Laboratory  of  the  Veterinary  University, 
Utrecht,  Holland.) 

(Received  for  publication,  January  25,  1923.) 

To  discuss  here  the  importance  of  further  information  on 
mineral  metabohsm  is,  I  believe,  superfluous.  This  Journal 
has  recently  contained  several  interesting  papers  concerning  this 
subject  from  Hart  and  coworkers,  Sherman  and  collaborators, 
Meigs  and  associates,  McCollum  and  colleagues,  Forbes  and 
coworkers,  and  others.  Some  of  these  dealt  with  the  influence 
of  cod  liver  oil  on  mineral  metabolism.  Notwithstanding  this 
fact  the  results  mentioned  in  this  paper  contribute,  in  my  opinion, 
additional  information. 

For  these  experiments  the  use  of  small  animals  is  preferable. 
With  them  it  is  not  too  expensive  to  give  pure  salts  and  other 
pure  substances  (lactose,  etc.),  so  that  the  different  elements 
and  organic  substances  can  be  given  in  all  desirable  proportions 
and  the  amounts  varied  to  such  an  extent  as  to  procure  decisive 
or  striking  results. 

One  of  the  purposes  of  these  experiments  was  to  ascertain  the 
way  in  which  one  can  improve  the  mineral  metabolism  of  milch 
cows.  I,  therefore,  chose  rabbits  for  the  experimental  animals, 
as  the  composition  of  their  diet  does  not  differ  much  from  that 
of  the  ruminants. 

The  further  purpose  of  these  experiments  was  to  investigate 
the  effect  of  cod  liver  oil  on  different  ph3^siological  features; 
i.e.,  whether  this  oil  influences  the  mineral  metabolism  by  al- 
tering the  fecal  or  the  urinary  excretion;  and  whether  it  causes 
the  mineral  saving  with  diets  poor  in  calcium  as  well  as  when 
the  intake  of  calcium  surpasses  the  usual  output.  Also,  I  in- 
tended to  study  the  relationship  between  calcium  metabolism 
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iiiul  reproduction.  The  experiments  with  cod  liver  oil  were 
followed  by  experiments  on  the  influence  of  indigestible  material 
(crude  fiber)  in  the  food  on  the  C'a  and  P  metabolism.  They 
were  suggested  by  the  results  of  the  cod  liver  oil  experiments, 
which  pi'oved  that  the  weight  of  the  feces  decreased  when  the 
oil  was  administered.  It  was  thought  probable  that  the  opposite 
effect  would  occur,  a  higher  fecal  calcium  output  resulting  when 
the  bulk  of  feces  was  increased  by  giving  a  diet  with  a  high 
amount  of  crude  fiber. 

EXPERIMEXTAL. 

The  investigations  were  carried  out  on  two  adult  rabbits. 
No.  1,  a  male,  weighing  about  3,400  gni.,  and  No.  2,  a  female, 
weighing  about  2,000  gm.  They  were  confined  separately  in 
iron  metabolism  cages  and  kept  out  of  direct  sunlight.  The 
diet  consisted  of  a  food  mixture,  the  composition  of  which  is 
given  below,  and  whole  wheat  kernels,  in  the  ratio  3:1.  Later 
it  contained  butter  (in  the  first  experiments  5  gm.  daily,  after- 
wards 3  gm.)  and  15  gm.  of  cabbage  (from  March  4  to  14,  20  gm.). 

Each  day  60  gm.  of  the  mixture,  20  gm.  of  wheat,  and  the 
butter  were  mixed  with  125  cc.  of  hot  distilled  water  and  given 
to  each  rabbit.  The  following  day  the  part  of  the  ration  that 
was  not  consumed  was  weighed.  The  cabbage  was  given  sepa- 
rately from  the  rest  of  the  food. 

From  May  26  the  amount  of  water  was  increased  to  175  cc. 
{i.e.  in  Period  II  of  the  second  experiment  on  Rabbit  1). 

The  rabbits  were  completely  adapted  to  the  routine  before  the 
experiment  was  begun. 

Composition  of  the  Food  Mixture. 

Casein 15.0  Previously  dissolved  in  XaOH,  precipitated  with 

lactic  acid,  washed  several  times,  and  dried. 

Oat  straw 3.0  Previously  boiled  with  sulfuric  acid  and  NaOH, 

washed,  and  dried. 

K2HPO4 1.0 

NaCl 0.6 

MgSO4+7H2O0.5 

Citricacid 0.4 

Dextrin 52.9 

Lactose 26.5 

Total 99.9 

0.1  of  a  mixture  of  ferric  citrate,  KI,  and  MnS04. 
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The  diet  seemed  to  be  acid-forming  as  we  found  the  pH  of  the  urine  in 
several  samples  to  be  5.4  to  5.0.  The  wheat  and  casein  must  have  been  the 
cause  for  this.  After  treatment  the  casein  contained  only  a  small  amount 
of  calcium,  i.e.  between  0.2  and  0.3  per  cent,  and  1.53  per  cent  H3PO4 
(determined  after  destruction). 

Urine  and  feces  were  collected  daily,  placed  together  in  a  solution  of 
thymol  in  chloroform  and,  with  some  exceptions,  kept  for  a  period  of 
7  days.  Analyses  were  made  upon  these  composite  samples  (except  the 
estimations  of  creatinine  and  of  total  nitrogen,  which  were  made  in  the 
fresh  urine  collected  one  morning).  The  feces  were  dried  and  analyzed  in 
an  air-dried  condition. 

The  Ca  determinations  were  made  by  ]\IcCrudden's  method  as  well  as 
by  Lyman's  nephelometric  method,  after  ashing  the  feces  and  foods  and 
after  destruction  of  the  urine  with  nitric  acid. 

The  phosphorus  was  determined  in  the  air-dried  feces  and  foods,  after 
destruction  with  sulfuric  acid,  potassium  sulfate,  and  copper  sulfate,  by 
Bell  and  Doisy's  method,  modified  by  Briggs.'  Also,  the  phosphorus 
determinations  were  controlled  by  a  different  method;  i.e.,  nephelo- 
metrically  by  Bloor's  method,  revised  by  Kleinmann. 

The  administration  of  cod  liver  oil  was  easy  with  one  of  the  rabbits 
(No.  2),  as  it  took  the  oil  spread  on  cabbage  leaves.  With  Rabbit  1  it  was 
necessary  to  pour  the  oil  into  the  mouth  of  the  animal  with  the  aid  of  a 
syringe.     The  oil  was  previously  shaken  up  in  water. 

1  gm.  of  cod  liver  oil  was  given  daily.  Two  experiments  on  Rabbit  1 
consisted  of  three  periods,  each  of  which  lasted  at  least  14  days.  The 
period  of  cod  liver  oil  administration  (Period  II)  being  preceded  (Period  I) 
and  followed  (Period  III)  by  a  period  in  which  the  diet  was  the  same 
except  that  1  gm.  of  butter  replaced  1  gm.  of  cod  liver  oil. 

During  the  first  experiment  (from  Mar.  4  until  Apr.  24)  the  diet  was  poor 
in  calcium,  during  the  second  (from  May  2  until  June  12)  a  supplement  of 
calcium  acetate  was  given,  containing  40  mg.  of  Ca  daily,  which  made  the 
diet  rich  in  calcium.  The  calcium  acetate  was  spread  over  the  cabbage  in 
order  that  it  might  be  entirely  consumed. 

The  experiment  on  Rabbit  2  was  practically  the  same  as  the  first  experi- 
ment on  Rabbit  1  and  was  made  simultaneously.  The  diet,  therefore,  was 
Ijoor  in  calcium. 

It  must  be  taken  into  account  that  the  collecting  of  urine  and 
feces  of  Period  II,  the  experimental  period  proper,  began  on  the 
1st  day  of  cod  liver  oil  administration  and  ended  on  the  last 
day  that  this  oil  was  consumed.  It  would  have  been  more  cor- 
rect not  to  consider  the  first  few  days  as  belonging  to  the  period. 

'  Briggs,  A.  P.,  /.  Biol.  Chem.,  1922,  liii,  15. 
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Chart  1,  o  to  c.     Period  II  represents  the  period  of  administration  of 
cod  liver  oil.     (a)  Diet  poor  in  Ca;  Rabbit  1.     (6)  Diet  poor  in  Ca;  Rabbit  2. 

(c)  Diet  rich  in  Ca;  Rabbit  1.  —Intake;  — ! — Total  output; Output  in 

urine; Output  in  feces. 
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DISCUSSION. 

Tables  I,  II,  and  III  and  Chart  1  a,  h,  and  c  show  the  details 
concerning  the  Ca  metabolism  of  three  experiments  with  cod  hver 
oil. 

The  total  Ca  output  of  Rabbit  2  in  the  initial  period  (Period  I) 
was  two  and  one-half  to  three  times  higher  than  the  intake 
(Table  II  and  Chart  1  b).  The  Ca  balance  of  Rabbit  1  was  also 
markedly  negative  in  this  period  of  the  first  experiment;  the  ratio 
of  intake  to  output  being  1:1.5.  With  both  rabbits  the  Ca 
balance  was  positive  during  Period  II,  but  became  negative 
soon  afterwards,  i.e.  when  the  administration  of  cod  liver  oil 
was  stopped;  even  in  the  first  week  of  Period  III  the  balance 
was  negative  with  Rabbit  1. 

The  great  losses  of  calcium  prove  that  the  rabbit  easily  loses 
the  calcium  of  the  bones.  Rabbit  2  lost  in  some  periods  about 
50  mg.  daily;  i.e.,  about  twice  the  amount  of  calcium  that  was 
in  the  blood.  If  a  rabbit  contains  about  1.5  per  cent  of  Ca, 
there  were  30  gm.  of  Ca  in  Rabbit  2.  The  daily  loss,  therefore, 
comes  to  0.1  per  cent  of  the  body  calcium.  During  the  initial 
period  of  19  days  it  was  904  mg.;  i.e.,  3  per  cent.  These  experi- 
ments give  once  again  positive  proof  of  the  great  influence  of 
cod  liver  oil  when  the  diet  is  poor  in  calcium. 

The  result  of  the  second  experiment  on  Rabbit  1  demonstrates 
the  same  to  be  true  for  a  diet  rich  in  calcium.  In  this  experi- 
ment, as  is  shown  in  Table  III  and  Chart  1  c,  the  daily  gain  of 
calcium  during  the  administration  of  cod  liver  oil  (Period  II) 
was  35.15  mg.;  during  Periods  I  and  III  it  was  21.2  and  20.4  mg. 

Considering  the  fecal  and  urinary  output  separately  we  can 
state  that,  during  the  experiments  with  diets  poor  in  calcium, 
the  amount  of  Ca  in  the  urine  was  very  low.  The  urine  con- 
tained only  6.6  to  13.2  per  cent  of. the  total  output.  A  consid- 
erable reduction  of  it  was  excluded.  In  the  experiment  with  I 
a  rich  calcium  diet  the  urinary  Ca  output  forms  a  much  greater 
part  of  the  total  Ca  output;  i.e.,  in  Period  I  it  was  42.3  per  cent. 
It  made  a  sharp  fall  in  Period  II;  the  daily  Ca  output  in  the 
urine  being  in  Period  I  18.62  mg.  and  in  Period  II  (administration 
of  cod  liver  oil)  2.16  mg.  (Table  III  and  Chart  1  c). 

Nearly  the  whole  economy  of  calcium  produced  by  the  ad- 
ministration of  cod  liver  oil  in  this  experiment  is  due  to  the 
decreased  output  in  the  urine,  the  difference  between  Periods  I 
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and  II  in  total  calcium  output  being  18.9  mg.,  in  urinary  output 
16.46,  and,  therefore,  in  fecal  excretion  only  2.45  mg.  daily.  These 
experiments  give  the  interesting  result  that  cod  liver  oil  reduces 
the  renal  calcium  excretion  when  the  diet  contains  more  calcium 
than  the  total  output,  and  that  in  contrast  to  this  it  forces  the 
organism  to  economize  calcium  by  diminishing  the  fecal  calcium 
where  the  balance  is  highly  negative.  A  saving  of  calcium  in 
the  feces  was  obtained  in  both  possible  ways;  i.e.,  the  production 
of  a  smaller  amount  of  feces  and  a  smaller  content  of  Ca  in  the 
feces.  In  Period  I  of  the  first  experiment  Rabbit  1  produced 
daily  5.04  gm.  of  air-dried  feces,  during  the  experimental  period 
proper  3.33,  and  afterwards  again  4.8  gm.  (Table  I  and  Chart  1 
a).  For  Rabbit  2  these  figures  were  7.88,  4.49,  and  2.4  gm. 
Concerning  the  last  figure  it  must  be  noted  that  during  the  last 
2  weeks  (Period  III)  Rabbit  2  took  much  less  food  than  in  the 
preceding  periods.  During  the  periods  of  cod  liver  oil  adminis- 
tration the  daily  food  intake  was  not  much  smaller  than  in  the 
initial  periods.  For  Rabbit  1  (first  experiment)  the  ratio  was 
48.5:43;  for  Rabbit  2  it  was  53:45  (leaving  the  daily  portion  of 
cabbage  out  of  consideration). 

In  the  experiment  rich  in  Ca  on  Rabbit  1  there  was  not  the 
same  decrease  in  the  production  of  feces.     It  was  in  the  three ' 
periods:  4.66,  4.28,  and  5.62.     The  relative  food  intakes  (cabbage 
excluded)  were  45.5,  38,  and  41.5. 

The  second  way  in  which  the  fecal  Ca  output  decreased,  was 
the  smaller  Ca  percentage.  With  Rabbit  1  (first  experiment) 
it  fell  from  about  0.6  to  about  0.3  and  afterwards  increased  again 
to  about  0.6  per  cent.  A  similar  decrease  was  observed  with 
Rabbit  2.  In  Period  I  the  percentage  was  0.9,  in  Period  II  it 
sank  to  0.28  per  cent  of  Ca,  and  afterwards  rose  again  con- 
siderably. 

In  the  experiment  with  a  rich  Ca  diet  the  effect  of  the  cod 
liver  oil  on  the  Ca  percentage  in  the  feces  exists  in  a  smaller 
degree.  It  was  in  the  three  periods:  0.55,  0.45,  and  0.62  per 
cent. 

During  this  experiment  the  greatest  saving  of  calcium  was 
obtained  by  the  decrease  of  the  percentage  in  the  urine  and  also 
by  the  smaller  volume  of  the  urine  which  was  voided  daily.  As 
the  feces  in  the  two  experiments  with  a  poor  Ca  diet  in  several 
periods  contained  much  more  calcium  than  the  food,  it  is  obvious 
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that  it  is  impossible,  by  analyzing  the  feces,  to  tell  whether  the 
calcium  of  a  certain  food  is  available  or  not;  a  great  part  of  the 
fecal  calcium  not  being  directly  originated  by  the  food.  More- 
over, the  decrease  in  the  calcium  of  the  feces  caused  by  the  ad- 
ministration of  cod  liver  oil  has  nothing  to  do  with  the  availa- 
bilit\'  of  the  calcium  in  one  or  more  of  the  constituents  of  the  diet. 
From  this  it  is  evident  that  the  digestibility  of  the  calcium  of  a 
certain  food  can  be  highly  influenced  by  other  constituents  of  the 
■diet.  The  same  holds  good  for  phosphorus.  Nevertheless,  it  may 
be  possible  to  compare  the  availability  of  calcium  or  phosphorus 
in  a  certain  food  or  salt  by  analyzing  the  feces,  provided  there 
is  no  change  in  the  other  constituents  of  the  food.  The  interest- 
ing result  that  with  a  diet  deficient  in  calciimi  the  feces  contain 
under  c(Mtain  circumstances  much  more  calcium  than  the  food  (for 
instance,  the  fecal  output  of  Rabbit  2  contained  daily  70  mg.  and 
the  intake  27  mg.  of  calcium)  proves  that  the  excretion  of  calcium 
is  coimected  with  the  production  of  feces  or  in  general  with  the 
functions  of  the  intestines.  Even  when  the  organism  loses  nearly 
three  times  as  much  calcium  as  it  receives,  the  percentage  of  cal- 
cium in  the  feces  remains  the  same  (see  Rabbit  2,  March  18  to 
22;  Table  II).  We  shall  see  later  that  the  amount  of  calcium  in 
'the  feces  cannot  be  explained  by  the  excretion  of  Ca  soap. 

The  intestines,  therefore,  do  not  merely  excrete  the  calcium, 
but  use  it  for  their  functions.  It  seems  to  be  easier  for  the  or- 
ganism to  decrease  the  Ca  content  of  the  urine,  so  long  as  the 
Ca  percentage  of  the  urine  does  not  reach  the  minimum  level, 
than  to  decrease  that  of  the  feces. 

The  Ca  requirement  of  the  intestines  is  decreased  apparently 
considerably  by  the  administration  of  cod  liver  oil  and  perhaps 
by  that  of  other  products  containing  the  fat-soluble  A. 

When  comparing  the  calcium  excretion  in  the  two  experiments 
on  Rabbit  1  we  find  that  there  was  good  retention  of  the  calcium 
from  calcium  acetate.  The  diet  was  in  all  respects  the  same 
except  that  calcium  acetate,  furnishing  40  mg.  of  calcium  daily, 
was  added.  The  total  Ca  output  in  the  second  experiment 
surpasses  that  of  the  first  only  by  6.3,  9.9,  and  2.5  mg.  of  Ca 
in  the  three  periods.  The  Ca  retention  (difference  between  in- 
take and  output)  was  in  the  three  periods  of  the  second  experi- 
ment, respectively  21.2,  35.2,  and  20.4  per  cent  of  the  calcium 
present  in  the  food. 
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In  three  samples  of  feces  of  the  first  experiment  (poor  Ca  diet) 
on  Rabbit  1  the  amount  of  total  bases  was  determined  by  the 
method  of  Fiske.^  The  total  bases  of  the  feces  of  the  second 
collection  of  Period  I  were  equivalent  to  1,035  cc,  those  of  the 
second  collection  of  Period  II  (the  experimental  period  proper) 
to  835  cc,  and  those  of  the  second  collection  of  Period  III  with 
1,220  cc.  of  0.1  N  alkali.  If  we  subtract  the  calcium,  we  find  for 
the  other  bases,  respectively,  732,  689,  and  922.5  cc.  These 
figures  show  that  the  excretion  of  the  other  bases  also  diminishes 
in  the  feces  during  the  administration  of  cod  liver  oil. 

The  same  conclusion  may  be  drawn  from  the  determinations 
on  raw  ash  of  the  feces  of  Rabbit  1  in  the  experiment  with  a 
rich  Ca  diet.  The  two  feces  collections  of  Period  I  gave  a  total 
ash  of  7.5  and  7.4  per  cent;  those  of  Period  III  7.3  and  7.  2  per 
cent;  whereas  during  the  administration  of  cod  liver  oil  the 
figures  were  6.7  and  6.6  per  cent. 

From  some  of  the  samples  of  feces  the  percentage  of  soaps  was 
determined  in  order  to  examine  whether  these  constituents  could 
have  been  of  influence  on  the  results. 

We  made  an  ether  extraction  of  the  dry  feces  without  a  pre- 
vious treatment,  and  one  after  digestion  with  alcoholic  hydro- 
chloric acid.  The  difference  was  considered  to  be  fatty  acid 
originally  present  as  soap. 

The  percentage  of  fat  (fatty  acids)  plus  fatty  acids  combined 
as  soap  was  in  mo>st  samples  between  2.5  and  4;  the  highest  was 
5.27;  the  lowest  1.2  per  cent.  The  percentage  of  fatty  acids 
present  as  soap  was  usually  less  than  1,  the  highest  was  1.65. 

The  percentage  of  calcium  in  the  feces  present  as  soap  was  in 
most  samples  about  10;  calculating  all  soap  as  Ca  soap,  the  highest 
figure  was  16  per  cent.  Neither  the  administration  of  cod  liver 
oil  nor  the  addition  of  calcium  acetate  had  an  appreciable  in- 
fluence on  this  percentage.  It  is  evident,  therefore,  that  the 
formation  of  soap  has  had  no  influence  of  importance  on  the 
fecal  Ca  output  in  these  experiments. 

From  these  analyses  it  msiy  be  concluded  that  the  resorption 
of  fat  from  the  food  was  satisfactory.  From  the  fat  intake 
(about  30  gm.)  between  1  and  2  gm.  were  usually  found  in  the 
feces. 

2  Fiske,  C.  H.,  /.  Biol.  Chem.,  1922,  li,  55. 


268         Studies  in  Inorganic  Metabolism.     I 

Concerning  phosphorus  metabolism  Tables  I,  II,  and  III  and 
Chart  1  a,  b,  and  c  show  that  cod  liver  oil  economizes  phosphorus 
as  well  as  calcium.  It  has,  therefore,  about  the  same  value  for 
the  improvement  of  the  P  metabolism  as  for  that  of  the  calcium. 
In  both  experiments  on  Rabbit  1  the  intake  was  larger  than  the 
total  output,  yet  the  decrease  in  output  in  Period  II,  both  in 
urine  and  feces,  was  evident.  It  is  of  interest  to  notice  that  the 
P  output  was  not  influenced  by  the  amount  of  calcium  in  the 
food.  There  was  no  difference  of  importance  between  the  P 
excretion  in  urine  and  feces  in  the  corresjionding  periods  of  the 
experiment  with  a  poor  Ca  and  of  that  with  a  rich  Ca  diet  ex- 
cept those  in  Period  III,  which  were,  however,  caused  by  a  smaller 
consumption  of  food  in  the  first  experiment.  The  results  con- 
cerning the  P  metabolism  of  the  experiment  on  Rabbit  2  in 
general  agree  with  those  on  Rabbit  1  although  there  is  an  in- 
crease in  the  renal  phosphorus  in  Period  II  which  cannot  be 
explained.  During  Period  III  the  food  intake  decreased  largely 
and  as  a  consequence  the  P  output  did  not  increase;  yet  there  is 
a  sharp  turn  in  the  curve  of  the  fecal  P  excretion. 

Contrary  to  calcium  the  P  output  in  the  urine  is  often  higher 
than  that  in  the  feces.  This  may  be  caused  by  the  relatively 
high  amount  of  P  in  the  food.  The  percentage  of  phosphorus 
in  the  feces  decreased  considerably  through  the  administration 
of  cod  liver  oil  in  all  three  experiments,  so  there  was  to  a  certain 
extent  a  confluence  between  the  Ca  and  P  output  in  the  feces. 
Nevertheless,  there  were  differences  of  importance  as  the  per- 
centage of  calcium  of  the  feces  decreased  in  proportion  more 
than  that  of  phosphorus,  so  that  the  ratio,  which  was  in  other 
periods  1:5  or  6,  became  1  calcium  to  about  9  H3PO4.  Perhaps 
cod  liver  oil  has  more  influence  on  the  economy  of  calcium  than 
of  phosphorus.  The  economy  by  decreasing  the  urinary  phos- 
phorus seems  to  be  due  more  to  the  diminishing  volume  of  urine 
than  to  the  lower  percentage  of  phosphorus. 

As  is  seen  from  the  tables  and  charts  a  highly  negative  calcium 
balance  coincides  during  Periods  I  and  III  of  both  experiments 
on  a  poor  calcium  diet  with  a  positive  P  balance.  If  we  accept 
the  fact  that  the  greater  part  of  the  excreted  calcium  is  derived 
from  the  calcium  phosphate  of  the  bones,  we  have  to  believe 
that  phosphorus  can  be  stored  in  some  other  tissue  or  tissues; 
probably  as  lecithin  in  the  liver  and  perhaps  also  in  the  bone 
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marrow.  However,  we  have  to  consider  the  possibihty  that  all, 
or  nearly  all,  the  calcium  is  derived  from  the  calcium  carbonate 
of  the  bones  if  the  phosphate  and  carbonate  do  not  occur  in  the 
bones  in  a  more  complex  combination.  The  ratio  Ga:P  in  the 
urine  was  during  these  periods  usually  greater  during  experi- 
ments with  a  positive  Ca  balance. 

During  these  experiments  the  amount  of  creatinine  plus  crea- 
tine in  several  samples  of  urine  and  of  creatinine  alone  was  de- 
termined colorimetrically  by  the  picrate  method.  For  this 
purpose  fresh  samples  were  used  (not  those  collected  weekly). 
One  striking  feature  of  the  result  of  these  analyses  may  be  men- 
tioned. In  all  three  experiments  the  percentage  of  creatinine 
plus  creatine  (and  also  that  of  creatinine  alone)  increased  in  the 
first  days  of  the  administration  of  cod  liver  oil.  With  Rabbit  2 
it  was  about  300  mg.  per  100  cc.  of  urine  in  Period  I;  the  first 
day  of  Period  II  it  was  about  500.  In  the  first  days  after  this 
period  it  fell  again  considerably.  In  the  first  experiment  on 
Rabbit  1  the  urine  contained  in  the  first  period  about  400  mg.; 
during  the  second  between  900  and  700;  afterwards  it  decreased. 
In  the  second  experiment  on  Rabbit  1  (addition  of  calcium)  the 
creatinine  content  of  the  urine  per  100  cc.  was  during  Period 
II  about  double  that  before  the  administration  of  cod  liver  oil; 
after  Period  II  it  fell  lower  than  in  Period  I. 

It  must  be  taken  into  account,  however,  that  the  amount  of 
urine  in  Period  II  of  all  three  experiments  was  less  than  in  the 
other  periods  (see  Tables  I,  II,  and  III).  The  difference  was 
large,  especially  in  the  second  experiment  on  Rabbit  1  (rich  Ca 
diet).  As  the  decrease  in  the  volume  of  the  urine  which  was 
voided,  was  in  some  cases  smaller  than  the  increase  in  percentage 
of  creatinine,  it  seems  provisionally  that  the  minimal  endogenous 
level  of  protein  metabolism  is  increased  by  cod  liver  oil.  I  in- 
tend to  reexamine  this  point. 

The  decrease  in  urine  excretion  through  the  administration  of 
cod  liver  oil  may  be  considered  as  a  striking  result.  Even  the 
increase  of  daily  water  intake  in  the  middle  of  the  second 
week  of  Period  II  of  the  experiment  with  a  Ca-rich  diet  of  50  cc. 
did  not  raise  the  volume  of  urine. 

One  of  the  conclusions  of  these  experiments  may  be  that  we 
must  reckon  with  the  possibility  that  the  diseases  (keratomalacia, 
etc.),  ascribed  to  diets  deficient  in  fat-soluble  A,  are  caused  by 
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lack  of  inorganic  elements,  the  deficiency  of  this  unknown  ilietary 
factor  causing  the  deficit  in  retention  of  calcium,  phosphorus,  etc. 

SUMMARY   AND    COXCLUSIONS. 

These  experiments  on  rabbits  show  that  as  the  result  of  ad- 
ministration of  cod  liver  oil  the  Ca  and  P  loss  is  decreased  when 
the  calcium  balance  is  negative,  and  that  when  it  is  positive  the 
retention  is  increased.  In  the  first  case  it  is  principally  the  fecal 
Ca  output,  in  the  second  it  is  the  urinary  output,  that  is  decreased. 

Cod  liver  oil  diminishes  the  production  of  feces  if  the  Ca  out- 
put greatly  surpasses  the  intake,  that  of  urine  if  the  diet  is  rich 
in  Ca.  There  is  reason  for  the  supposition  that  the  fat-soluble 
A  (or  the  specific  vitamin  of  cod  liver  oil)  prevents  the  conse- 
quences of  diets  deficient  in  this  dietary  factor  through  the  in- 
fluence it  has  on  the  mineral  metabolism. 

Wliei-e  the  feces  sometimes  contain  much  more  Ca  than  the 
food,  it  is  evident  that  the  availability  of  the  calcium  in  the 
food  or  in  one  or  more  constituents  of  the  food  cannot  under  all 
circumstances  be  determined  by  anah^zing  the  feces.  This  is 
impossible  because  of  the  great  influence  that  cod  liver  oil  and 
probably  also  other  substances  have  on  the  Ca  retention  and 
also  on  the  amount  of  Ca  output  in  the  feces. 

The  total  bases  in  the  feces  decrease  when  the  content  of  cal- 
cium diminishes. 

The  total  output  of  P  is  independent  of  the  amount  of  Ca 
present  in  the  food.  A  highty  negative  calcium  balance  can 
coincide  with  a  positive  phosphorus  balance,  even  when  the  total 
Ca  output  is  about  three  times  higher  than  the  intake. 

The  ratio  of  Ca:P  in  the  feces  was  about  the  same  in  all  samples 
except  in  those  collected  during  the  cod  liver  oil  periods. 

Rabbits  can  excrete  amounts  of  Ca  that  are  about  three  times 
the  Ca  present  in  the  food  and  still  give  feces  with  the  same  per- 
centage of  Ca  as  in  periods  of  positive  Ca  balance.  The  organism, 
therefore,  excretes  Ca  from  the  bones  more  easily  than  it  produces 
feces  wath  low  Ca  content.  This  points  to  a  physiological  action 
of  importance  of  Ca  for  the  functions  of  the  intestines,  especially 
in  connection  with  feces  formation.  It  may  also  be  considered 
as  a  reason  to  accept  a  great  mobility  of  the  inorganic  constituents 
of  the  bones. 


STUDIES  IN  INORGANIC  METABOLISM. 

II.  THE  INFLUENCE  OF  CRUDE  FIBER  AND  OF  PROTEIN  UPON 
CALCIUM  AND  PHOSPHORUS  METABOLISM. 

By  B.  SJOLLEMA. 

{From  the  Chemical  Laboratory  of  the  Veterinary  University,   Utrecht, 

Holland.) 

(Received  for  publication,  January  25,  1923.) 

On  the  adult  rabbit,  No.  1,  used  for  the  experiments  with  cod 
Uver  oil,  the  influence  of  different  amounts  of  indigestible  crude 
fiber  in  the  diet  on  the  Ca  and  P  metabolism  was  examined.  The 
reason  for  these  experiments  was  the  result  mentioned  in  the 
preceding  paper,  that  the  administration  of  cod  liver  oil  caused  a 
smaller  production  of  feces  and  thereby  decreased  the  fecal  cal- 
cium output.  It  was  therefore  of  interest  to  determine  whether 
an  increase  of  the  amount  of  roughage^  promotes  a  greater  loss  of 
calcium  and  phosphorus.  In  connection  with  the  practical 
bearings  of  these  experiments;  for  instance,  for  the  feeding  of 
milch  cows,  I  chose  crude  fiber  as  roughage.  Experiments  with 
sand  or  agar-agar  would  also  have  been  of  interest. 

With  one  of  the  two  experiments  was  combined  an  examina- 
tion of  the  influence  of  an  increase  of  protein  intake  on  the  Ca  and 
P  metabolism. 

EXPERIMENTAL. 

As  in  the  experiments  described  in  the  foregoing  paper,  the  diet  consisted 
of  the  food  mixture  and  wheat  in  the  ratio  3:1,  butter  4  gm.  daily,  and 
green  food.  .  During  the  summer  months  it  was  not  possible  to  get  cabbage; 
therefore,  mangels,  carrots,  and  carrot  tops  were  substituted  during  a  part 
of  the  first  roughage  experiment.  Mangels  (15  gm.  dailjO  were  given  from 
May  30  until  July  8.  From  that  date  till  Aug.  1  the  animal  received  daily 
2  gm.  of  carrot  tops  and  10  gm.  of  carrots;  thereafter  15  gm.  of  carrots. 

'  I  use  the  term  "roughage"  in  this  paper  to  indicate  the  indigestible 

constituents  of  the  food. 

271 
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In  the  second  roughage  experiment  15  gm.  of  cabbage  were  again  used. 

In  the  roughage  periods  the  food  mixture  contained  15  per  cent  roughage 
— oat  straw  or  sawdust  previously  boiled  with  dilute  sulfuric  acid  and 
solution  of  sodium  hydroxide — which  was  12  per  cent  more  than  usual.  As 
the  diet  was  composed  of  3  parts  of  food  mixture  to  1  part  of  wheat,  the 
diet  contained  (if  the  crude  fiber  of  the  green  food  and  of  the  wheat  is  not 
taken  into  account)  about  11.25  per  cent  of  roughage  during  the  roughage 
periods.  In  the  periods  of  high  roughage  or  high  protein  the  amounts  of 
dextrin  and  lactose  were  decreased  to  the  same  extent  (in  the  ratio  2:1). 

During  the  first  roughage  e.xperiment  the  15  per  cent  of  roughage  con- 
sisted of  10  per  cent  oat  straw  and  5  per  cent  sawdust;  during  the  second 
experiment  15  per  cent  oat  straw  was  given. 

Another  difference  between  the  two  experiments  was  that,  during  the 
first,  a  supplement  of  calcium  acetate,  containing  40  mg.  of  Ca  daily,  was 
procured,  while,  during  the  last  two  periods  (Periods  VI  and  VII)  this 
supplement  was  decreased  to  15  mg.  of  Ca. 

As  both  the  prepared  oat  straw  and  sawdust  contained  more  calcium 
than  the  other  constituents  of  the  food  mixture  the  diet  was  richer  in  Ca 
during  Periods  III,  IV,  and  V  than  in  the  other  periods  of  the  first  experi- 
ment. This  objection  was  eliminated  in  the  second  experiment  by  giving 
such  supplements  of  calcium  acetate  that  the  percentage  of  calcium  was 
the  same  in  all  periods.  The  methods  of  analysis,  the  way  in  which  the 
food  was  given,  the  shading  from  sunlight,  the  collecting  of  feces  and  urine, 
etc.,  were  the  same  as  in  the  experiments  with  cod  liver  oil.  The  periods 
of  the  experiments  are  shown  in  Tables  I  and  II. 

In  reference  to  the  supplement  of  cystine,  about  0.180  gm.  daily 
during  Periods  IV  and  V  of  the  first  roughage  experiment,  it  may 
be  mentioned  that  the  rabbit  became  bald  during  the  foregoing 
weeks;  i.e.,  on  the  back  (behind  the  ears)  a  space  of  about  10  X 
10  cm.  was  without  hair.  As  casein  is  very  poor  in  C3'^stine  I 
tried  the  influence  of  this  amino-acid.  The  result  was  marvelous. 
In  about  14  to  20  days  all  the  bald  spots  were  covered  with  thick 
fur. 

In  Period  IV  of  the  first  roughage  experiment  the  food  mixture 
contained  15  and  10  per  cent  of  wheat  gluten,  whereas  in  all 
preceding  and  following  periods  the  amount  of  protein  in  the 
mixture  was  15  per  cent  of  casein. 

The  animal  was  weighed  every  3rd  day.  The  weight  varied 
little.     It  was  usually  between  3,500  and  3,600  gm. 


274         Studies  in  Inorganic  ^Metabolism.     II 

DISCUSSION. 

Tables  III  to  YI  and  Charts  1  and  2  show  the  influence  of  a 
high  content  of  crude  fiber  in  the  diet  on  the  Ca  output. 

The  results  of  the  first  experiment  are  more  convincing  tlian 
those  of  the  second.     During  the  latter  the  diet  was  poorer  in 

T.\BLE  IJl— First  Roughage  Experiment  on 


Period  I. 

3  per  cent  roughage  in  the 

mixture. 

Period 
II. 

Period  III. 

15  per  cent  roughage  in  the 

mixture. 

Date 

May  30 

to 
June  5 

Juno 
6  to  12 

May  30 

to 

June  12 

daily. 

June 
13  to  19 

June 
20  to  26 

June  27 

to 
July  3 

June  20 
to 

Jidy  3 
daily. 

Cal- 


Intake,  mg 

Output  in  urine,  7>ig 

"        "    feces,  7ng 

Total  output,  ?ng 

Balance,  ?ng 

In  100  cc.  urine,  7??^ 

"    100  gm.  air-dried  feces,  mg. 

Volume  of  urine,  cc 

Weight  of  air-dried  feces,  g7n.  . 


408.6 

418.0 

59.0 

489.9 

518.9 

559.1 

40.5 

74.9 

8.25 

.257.5 

248.0 

195.6 

225.8 

199.3 

30.4 

239.7 

503.7 

735.5 

266.3 

274.2 

38.6 

497.2 

751.7 

931.1 

-f-142.3 

+  143.8 

+20.4 

-7.3 

-232.8 

-372.0 

10.0 

14.8 

55.6 

41 

26.8 

485.0 

621 

655 

690 

793 

405.0 

506.0 

65.0 

463 

605 

730 

46.55 

32.1 

5.62 

36.6 

73.0 

92.75 

77.0 

31.7 

88.5 

120.2 

-43.2 


95.3 
11.87 


Phosphor- 


Intake,  7ng 3,084 

Output  in  urine,  mg 1,093 

"        "    feces,  m^ jl,2S9 

Total  output,  mg 2, 382 

Balance,  ?ny/ +702 

In  100  cc.  urine,  77ig 270.0 


100  gm.  air-dried  feces,  7ng 2,770 


3,284 

455 

3,188 

3,644 

4,564 

1,725 

202 

1,755 

2,033     |2,263 

1,027 

165 

1,014 

1,774 

2,122 

2,752 

367 

2,769 

3,807 

4,385 

+532 

+88 

+419 

-163 

+  179 

341.0 

379 

336 

310 

3,200 

2,772 

2,430 

2,288 

585 
307.0 
278.3 
585.1 
+  1.14 


calcium  than  during  the  former,  so  that  the  negative  balance  was 
greater.  This  brought  about  a  large  fall  in  the  urine  calcium. 
At  the  same  time  that  the  large  amount  of  roughage  caused  a  high 
fecal  Ca  output,  the  calcium  in  the  urine  became  so  much  less 
that  it  nearly  compensated  the  increase  of  fecal  output. 

The  ratio  of  the  fecal  calcium  in  Period  I  to  that  in  the  experi- 
mental periods  proper  was  for  the  first  experiment  about  100:250; 
and  for  the  second  100: 150.     It  ma}^  be  observed  that  the  calcium 
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of  the  roughage  itself  cannot  have  influenced  the  increase  in  fecal 
calcium,  as  the  12  per  cent  of  roughage  contained  in  the  first 
experiment  about  19  mg.  daily,  in  the  second  9.4  mg.  of  Ca. 
The  increase  in  fecal  calcium  during  the  roughage  periods  is  much 
larger. 


babbit  1.     Diet  Not  Poor  in  Calcium. 


Period  IV. 

15  per  rent  roughage  and  high 

jirotein  in  the  mixture. 

Period  V. 

15  per  cent  roughage  in  the 

mixture. 

Period  VI. 

Period  VII. 
3  per  cent  roughage  in  th 

e  mixture. 

July  4  to  10 

July 
11  to  17 

July 
4  to  17 
daily. 

July 
18  to  24 

July 
25  to  31 

July 
18  to  31 
daily. 

Aug. 
1  to  7 

Aug.8tol4       jAu^21 

Aug. 
8  to  21 
daily. 

585.7 

213,0 

402.0 

615 

-29.3 

37.7 

600.0 

565.0 

67.0 

673.9 
307.5 
458.0 
705 . 5 
-81.6 

62.0 
657.0 
476.  ol 

69.7 


90.0 

524.6 

522.7 

74.8 

245.0 

37.2 

234.8 

192.0 

30.5 

120.0 

61.4 

614.9 

355.4 

69.3 

154.5 

98.6 

849.7 

547.4 

99.8 

274.5 

-8.6 

-325.1 

-24.7 

-25.0 

-29.5 

43.4 

29.0 

29.0 

726.0 

570.5 

344 

74.3 

541.0 

664.0 

86.1 

413.0 

9.8 

84.7 

62.3 

10.5 

44.9 

326.45 

322.1 

85.1 

129.4 

107.7 

67.7 

192.8 

197.1 

+  133.65 

+  125.0 

27.8 

42.3 

369 

384.5 

303.0 

306.0 

29.2 

17.6 

46.3 
15.3 
12.5 

27.8 
+  18.5 


43.7 
3.34 


e  acid. 


4,486 

4,470 

639     4,206 

4,446 

618 

4,083 

3,739 

3,683 

530.1 

1,808 

1,82^ 

259.7  2,164 

1,912 

291.1 

1,751 

1,677 

1,610    , 

235.0 

1,481 

1,538 

215.6 

1,793 

1,121 

208.1 

965 

647 

■      408 

75.3 

3,289 

3,366 

475.3 

3,957 

3,033 

499.3 

2,716 

2,324 

2,018 

310.1 

+  1,197 

+  1.104 

+  164.4 

+249 

+  1,413 

+  118.7 

+  1,367    ' 

+  1,415 

+  1,665 

+220 

320 

384 

400 

288 

424 

548 

526 

2,210 

2,207 

2,117 

1,800 

2,150 

2,216 

2,320 

Especially  in  the  second  experiment,  the  results  show  that 
only  a  small  part  of  the  intestinal  excretion  of  Ca  is  in  some  cir- 
cumstances directly  derived  from  the  food;  i.e.,  in  Period  III  of 
the  second  experiment  the  daily  intake  was  35.0  mg.,  the  fecal 
calcium  66.8  mg. 

The  daily  losses  of  calcium  are  during  some  periods  still  larger 
than  in  the  experiments  with  cod  liver  oil;  they  were  about  70 
mg.  or  0.14  per  cent  of  the  body  calcium.     Because  of  the  bulk 


276 


Studies  in  Inorganic  Metabolism.     II 


05 


=0 


Oct.  20 

to 
Nov.  2 
daily. 

to 

OS 

p-o~ 


'^ 

'\2 
to 

^ 

CO 

CO 

^ 

0 

00 

1 

0 

00 

,_( 

OS 

CO 

"Tt* 

CO 

CO 

<N 

CM 

+ 

10 

CO 

0 

^ 

0 

CO 

CO 

c 

0 

to 

r- 

on 

r^ 

CO 

•^ 

c: 

CM 

to 

Tf< 

'^ 

0 

•  0 

ai 

0 

^ 

c< 

Oi 

+ 

Tji 

CO 

LC 

c 

IC 

CO 

C5 

t— 1 

c 

Tt< 

(N 

0 

00 

crs 

CM 

t^ 

CO 

05 

00 

«: 

1^ 

of> 

1-H 

CO 

C< 

(N 

CM 

~r 

CO 

'^ 

1.0 

t- 

10 

T-H 

CO 

a- 

CO 

Oi 

'^ 

r^ 

on 

Itt 

c 

r^ 

l<t 

0 

00 

cc 

CO 

IC 

Cv 

CO 

1— t 

cr 

0 

CC 

(N 

10 

CO 

CO 

1 

i^ 

CO 

CO 

CM 

C 

iO 

00 

^ 

Tt^ 

CO 

I> 

10 

r^ 

CO 

'Tt^ 

cr 

,_! 

l>- 

CO 

(N 

t^ 

c 

t^ 

»c 

>o 

CO 

oc 

CO 

Tt< 

iC 

0 

■  >c 

c 

t^ 

CO 

00 

CO 

0 

h- 

on 

f^ 

CL. 

10 

10 

CO 

CL, 

10 

C^ 

^ 

to 

l^ 

1 

cr 

10 

lO 

"-^ 

-* 

'—1 

i-O 

Tf 

ai 

>o 

c- 

on 

0 

r^ 

rr 

0 

h- 

CD 

0 

Cv 

(N 

'^ 

^ 

c^ 

cx) 

10 

a 

<M 

CM 

»o 

b- 

1 

c 

-* 

»— 1 

0 

CC 

iC 

tO 

C5 

0 

0 

--1 

CC 

CO 

10 

>c 

CO 

c 

lO 

t^ 

or 

1^ 

c- 

c 

t^ 

0- 

1-H 

CO 

<N 

CO 

Tt^ 

t^ 

LO 

1 

10 

CO 

CC 

CM 

ci. 

(N 

"—I 

CO 

t- 

t^ 

C" 

0 

^ 

CO 

cr 

CO 

CO 

cv; 

'^ 

c 

1 

t- 

10 

c 

0 

0 

CC 

CC 

0 

0 

10 

or 

0 

■rt< 

c- 

0 

r/- 

CO 

,_! 

If: 

CO 

CO 

0. 

r^ 

cr> 

C^ 

10 

CM 

(N 

CO 

CM 

CO 

c^ 
i 

C^ 

.  "^ 

»o 

(X 

CO 

CO 

o- 

CO 

0 

(M 

•^ 

CO 

r-- 

>c 

CM 

CQ 

_ ( 

CR. 

^1 

lO 

h- 

c,'_ 

CO 

Ol 

01 

C^ 

CO 

CO 

CC 

1 

CM 

^ 

03 

0 

a> 

0 

0 

0) 

tS 

05 

C- 

r 

.S 

CJ 

Cj 

.2 

-o 

^3 

s- 

3 

CJ 

s 

.^ 

'3 

j- 

c 

r 

u  k 

.,  tj 

S 

"o 

"o 

-  +J 

t 

0 

tiD 

0 

3 

3 

0 
2 

0 
0 

•a    5 

» 

1— 

0 

h 

p: 

- 

> 

^ 

00    Tf    CM 

1 

CO    C5    10    >0 

t^    0    CO    I^ 

CM    Ol           CM 

0   --1   1^    00 

10    t^    -^    ^ 

r-  ^^  CO  00 

.-1  ,-(        ,-1 

10  b-  00  ic 

CD    CO    CO    CO 

0  ■>#  10  0 

C^l    -^           Ol 

C3     0    0    0 

0     —      0     --H 

t^     CO     r-l     Tf 

CM    -I    ^    C^l 

T-i  CO  ■* 

00   CO   CM   cc 

1^      (35      r-H      0 

CO    0-1    --I    rji 

CM    Tt<   00   CM 

0  0  00  00 

C-1    '-I           C-1 

^3 

CO    CM    1^    0 

0   t^    CO    Q 

CO  1-1  t^  cft 

0 

CM    CM           CM 

0 

rC 

&, 

t^    iC    0   ■»!< 

CO 

t^    'J^    t^    CM 

00  0  t^  00 

,« 

^ 

C^l    CM           CM 

t^   00    lO 

^    0   i-i    CM 

00    CO    0. CO 

CO    CM    --I    CO 

00    00    CO    CM 

C^l    CO    0   t- 

0  0  >o  10 

CO    CM           CM 

CO    CM    C;    —1 

0  CO  —1  00 

CO  ^  Oi  0 

C^l    "           CM 

2^  c^ 

s  S 

5J   oT  S 

a   <u 

■§J^' 

c»  _       a 

-r  *^         0 

itak 
utpi 

otal 

^1 

0       b- 

1 

B.  Sjollema 


277 


CJ 

1 

CI 

1 

oc  o 

o 

CO    CO 

i::3 

1  -* 

CO 

o  o 

LO 

CO    lO 

+   C0 

■^ 

1-H 

C5    O 

>0 

O   CO 

Ci     1 

Ca    CO 

kO    1 

+ 

1—1 

o 

o 

CO 

1 

O   '-I 

o 

t^    GO 

T-l       CO 

^ 

+ 

O     LO 

t^ 

o  •* 

T-H 

CO  iv 

o 

O    C5 

o 

+   CVO 

cf 

t^ 

CO 

'^ 

+ 

O   rfi 

o 

o  t^ 

lO 

Tjl     CO 

CO 

+ 

CI 

o 

CI    CO 

CI 

IM    CI 

■o 

C5    CI 

1-H 

+ 

CO 

til 

o 

o 

o 

ca 

73 

s 

o 

h 

(D 

T1 

_cl 

^ 

^5:; 

ci 

_  o 

d 

o    o 

fc) 

S3       r- 

o 

o 

1 

c: 

)  ►:; 

^ 

1 

CO 

't 

, 

C5 

OS 

Oi          1 

oc 

o 

Oi    1 

o 

o 

o 

"^ 

"* 

CI 

CI 

Tfl 

00 

CO 

l-^ 

o 

CI 

CI 

t^ 

o 

00 

t^ 

CO 

CO 

CI 

l— 1 

CI 

CO 

00 

i-H 

CJ 

lO 

o 

»o 

C5 

^ 

CI 

CO 

LO 

CO 

CC 

Tt< 

■— ' 

LO 

LO 

1—1 

o 

1^ 

r^ 

rji 

00 

'—' 

o 

o 

o 

^~* 

lO 

on 

00 

l— ' 

o 

l^ 

00 

CI 

>o 

CO 

IC 

»o 

CI 

«;> 

r^ 

t^ 

CO 

CO 

^ 

CJ 

CO 

.—1 

CI 

o 

1-1 

t-- 

a 

0) 

&fl 

o 

CO 

en 

Oi 

-1-3 

Tj< 

>o   1 

^ 

»o 

1—1 

o 

CO 

CO 

•^ 

>- 

CC 

oo 

r- 1 

o 

o 

c 

o 

Ci 

00 

r^ 

C: 

CO 

o 

Tt< 

CL. 

1— ( 

o 

CO 

lO 

o 

o 

t-O 

C) 

CO 

s 

t^ 

C4 

CI 

CO 

CI 

CO 

(O 

C 

t^ 

!~ 

«,> 

ii. 

^ 

xn 

c 

o 

s- 

;^ 

^ 
o 

<al 

C 

■s 

rr 

-1-2 

a; 

0. 

CJ 

'3 

c 

o 

C3 

"3 

-u 

3 

o 

z  ^ 

o 

h 

1 

278        Studies  in  Inorganic  Metabolism.     II 

of  air-dried  feces  the  total  fecal  Ca  was  high  in  the  roughage 
periods. 

The  figures  in  Table  VII  give  the  daily  excretions  in  grams. 

The  weight  of  the  12  per  cent  (15.3  mg.)  extra  roughage  daily 
present  in  the  food  was  for  the  first  experiment  about  6.6,  for 
the  second  4.7  gm.  These  figures  do  not  differ  much  from  the 
differences  in  fecal  excretion.  The  calcium  percentage  of  the 
feces  was  in  the  first  experiment  higher  during  the  roughage 


TABLE  V. 
First  Experiment. 


Roughage,  per  cent 

Ca  intake  daily,  mg 

Total  Ca  output  daily,  mg 

Gain  (+);  loss  (— )  daily,  mg 
Fecal  Ca  output  daily,  mg  — 


Period 
I. 

Period 
III. 

Period 
V. 

3 

15 

15 

59 

77 

74.8 

38.6 

120.2 

99.8 

+20.4 

-43.2 

-25 

30.4 

88.5 

69.3 

Period 
VII. 

3 

46.3 

27.8 

+  18.5 

12.5 


TABLE  VI. 
Second  Experiment. 


Roughage,  per  cent 

Ca  intake  daily,  mg 

Total  Ca  output  daily,  mg. . . 
Gain  (+);  loss  (— )  daily,  mg 
Fecal  Ca  output  daily,  mg. . . 


Period  I. 

Period  III. 

3 

15 

33.6 

35 

93.4 

104.4 

-59.8 

-69.4 

44.1 

66.8 

Period  V. 


3 

36.4 
29.6 

+6.8 
21.1 


periods  than  in  Period  I,  notwithstanding  the  fact  that  in  Period 
I  the  balance  was  positive.  Only  at  the  end  of  the  last  roughage 
period  was  the  percentage  decreased,  perhaps  because  of  the 
negative  balance  of  the  preceding  weeks.  In  Period  I  the  feces 
contained  0.55  per  cent,  during  the  two  roughage  periods  with 
normal  protein  content,  0.7  per  cent  of  Ca.  During  the  roughage 
period  with  high  protein  the  percentage  was  0.63  per  cent. 

In  the  second  experiment  (with  the  poor  Ca  diet)  there  was  a 
decrease  of  the  percentage  of  calcium  in  the  feces;  it  fell  from  1.2 
to  1.  It  has  alread}^  been  seen  that  the  percentage  of  Ca  in  the 
urine  decreased  greatl}^  in  the  second  experiment;  i.e.,  from  61 
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to  15.5.     Just  as  in  the  experiments  with  cod  liver  oil  the  calcium 
of  the  urine  falls  with  negative  })alances  more  easily  than  that  of 


Pericxii         I 


TK        TK        N        N 


V      VI    ■vn    7n 


Chart  1.     First  roughage  experiment,  Rabbit  1.   —  Intake;  —  I  —  Total 
output; Output  in  urine; Output  in  feces. 

the  feces.     One  might  expect  that  milch  cows,  kept  on  a  ration 
with  much  crude  fiber,  will  not  retain  much  calcium,  by  diminish- 
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Chart  2.     Second  roughage  experiment,  Rabbit  1.     —  Intake; 
Total  output; Output  in  urine;  — —  Output  in  feces. 
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ing  the  urinary  calcium  percentage,  since  their  urine  is  as  a  rule 
poor  in  calcium. 

Concerning  the  urine  in  the  first  experiment  (with  a  diet  not  so 
poor  in  calcium),  it  may  be  observed  that  the  urinary  calcium 
excretion  was  much  higher  during  the  roughage  periods  than 
before;  about  four  times  higher.  This  was  principally  due  to  the 
higher  Ca  concentration,  the  volume  of  the  urine  being,  during 
the  roughage  periods,  only  about  50  per  cent  greater  than  in  Period 
I.  Therefore,  we  see  here  the  contrary  to  what  happened  in  the 
second  experiment  where  the  decrease  in  urinary  calcium  nearly 
compensated  the  increase  of  fecal  calcium. 

We  now  have  to  examine  the  effect  of  the  high  protein  intake  on 
the  calcium  metabolism.  Table  III  and  Chart  1  show  the  calcium 
economy  it  gave.  In  Period  III  the  output  surpasses  the  intake 
daily  by  43.2  mg.;  in  the  roughage  protein  period  (Period  IV) 

TABLE  VII. 


Experiment  No. 

Period  I. 

Period  III. 

Period  V. 

Period  VII. 

1 
2 

5.62 

3.62 

11.9 

7.72 

10.5 
3.85 

3.35 

by  only  8  mg.,  and  in  the  following  period  the  1st  week  again  gave 
a  large  loss;  i.e.,  46  mg.  daily.  These  figures  prove  that  a  high 
protein  diet  favorably  influences  mineral  retention.  On  the 
phosphorus  output  there  was  a  similar  influence. 

Examining  separately  the  fecal  and  urinary  Ca  output  we  find 
during  the  high  protein  period  a  large  decrease  in  fecal  calcium; 
it  fell  from  88.5  to  61.4  mg.  daily,  and  rose  in  the  following  week 
again  to  88.0  mg.  Notwithstanding  the  smaller  volume  of  urine 
voided  during  the  high  protein  period,  the  urinar}^  Ca  output  was 
little  higher  than  in  the  two  other  roughage  periods. 

From  this  experiment,  which  must  be  repeated,  it  appears  that 
there  is  a  relation  between  the  intake  of  nitrogen  and  the  metab- 
olism of  Ca  and  P.  The  reverse  is  not  the  case,  at  least  not  in 
the  same  degree.  The  nitrogen  output  in  the  second  roughage 
experiment  was  very  little  influenced  by  the  high  content  of 
roughage.     Especially  does  this  hold  good  for  the  fecal  nitrogen. 

It  may  be  deduced  from  the  determination  of  total  ash  in  the 
feces  of  Periods  I,  II,  and  III  of  the  first  roughage  experiment 


282         Studies  in  Inorganic  Metabolism.     II 

that  there  is  a  decrease  in  the  percentage  content  of  the  other 
bases  in  the  feces  when  the  amount  of  roughage  in  the  food  is 
raised.  The  percentages  of  total  ash  in  the  2  weeks  of  Period 
I  were  7.3  and  7.3,  in  Period  II  (transition  period)  6.5,  and  in  the 
1st  week  of  Period  III  5.3  per  cent.  The  same  conclusion  maj'- 
be  drawn  from  the  determinations  of  total  bases  by  the  method  of 
Fiske  in  the  feces  of  the  2nd  week  of  Period  I  and  of  the  2nd  week 
of  Period  III  (both  of  the  first  roughage  experiment).  The 
percentage  of  Ca  being  in  these  two  samples  0.62  and  0.79  per 
cent;  the  total  bases  being  equivalent  to  851  and  510  cc.  of  0.1  n 
alkali.  The  feces  of  the  1st  week  of  Period  V  (high  protein)  with 
0.6  per  cent  Ca  contained  an  amount  of  total  bases  equivalent  to 
762  cc.  of  0.1  N  alkah.  It  may  be  that  protein  stimulates  the 
metabolism  of  some  minerals. 

It  may  be  advisable  to  call  attention  to  the  fact  that  in  Period 
V  (first  roughage  experiment)  the  total  Ca  output  was  only  very 
little  higher  than  in  the  period  with  high  protein  in  the  food.  The 
figures  were  1,397  and  1,380.  The  influence  of  the  high  protein 
diet  (decrease  in  calcium  output),  therefore,  is  best  demonstrated 
by  the  great  fall  in  protein  from  Period  III  to  IV.  Probably  a 
negative  Ca  balance  lasting  some  weeks,  will  in  general  prevent 
an  increase  of  the  losses. 

Concerning  the  phosphorus  metabolism  I  have  already  made 
some  remarks.  The  P  output  does  not  quite  follow  that  of  the 
Ca  (see  Tables  III  and  IV  and  Charts  1  and  2).  The  roughage 
increases  the  fecal  and  also  the  urinary  P  output  only  to  an 
insignificant  extent  in  both  experiments.  The  percentage  of 
phosphorus  in  the  feces  diminished  during  the  roughage  periods 
and  afterwards  rose  again;  the  decrease  was  most  evident  in  the 
second  experiment  (poor  Ca  diet).  As  the  Ca  percentage  of  the 
feces  increased  or  decreased  only  a  little,  it  is  clear  that  there  was 
an  inverse  tendency  or  at  least  no  confluence  concerning  Ca  and 
P.  Therefore,  there  is  not  always  a  definite  relation  between 
these  two,  even  when  the  amount  of  Ca  and  P  in  the  food  remains 
unchanged.  The  same  was  found  during  the  administration  of 
cod  liver  oil. 

Phosphorus  does  not  seem  to  play  the  same  role  in  the  intestines 
as  does  calcium. 
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It  is  worth  while  to  examine  the  influence  of  an  increased  protein 
level  on  the  P  metabolism.  Chart  1  shows  clearly  the  diminished 
output  during  this  period.  This  decrease  is  principally  due  to 
the  smaller  urine  and  feces  production. 

It  would  be  of  importance  to  learn  whether  the  diminished 
production  of  urine  through  the  influence  of  protein  or  of  cod 
liver  oil  continues  over  long  periods. 

Concerning  the  practical  bearings,  especially  with  respect  to 
the  mineral  metabolism  of  milch  cows,  it  may  be  mentioned  that 
the  content  of  the  crude  fiber  of  rations  of  cows  can  differ  largely 
depending  on  the  amount  of  straw,  hay,  etc.,  and  also  on  the 
percentage  of  crude  fiber  of  the  roughage  used.  There  can  easily 
be  a  difference  of  1  kilo  of  indigestible  crude  fiber  in  the  daily 
rations  of  a  cow.  In  reference  to  this  I  point  to  the  fact  that  the 
crude  fiber  of  different  hay  samples  can  differ  more  than  14  per 
cent.  If  a  cow  gives  5  kilos  of  air-dried  feces  on  a  ration  poor  in 
crude  fiber,  it  will  produce  6  kilos  or  even  more  with  other  foods. 
This  makes  a  difference  of  20  per  cent  or  more  in  feces  production, 
as  well  as  in  the  fecal  Ca  output. 

One  of  the  problems  that  I  wished  to  examine  was  the  influence 
of  negative  Ca  balances  on  reproduction,  when  there  are  Ca 
losses  over  a  long  period.  We  twice  tried  to  mate  the  male  rabbit. 
No.  1;  both  times  without  result.  Of  course,  a  greater  number  of 
matings  would  have  been  necessary  to  get  decisive  results. 

After  having  been  used  about  a  whole  year  for  the  experiments 
described  in  these  two  papers  and  also  for  others  Rabbit  1  died 
on  November  16  from  liver  cirrhosis,  as  shown  by  the  autopsy. 
In  the  Anatomical  Institute  of  my  colleague  Dr.  G.  Krediet,  the 
testicles  have  been  found  to  show  microscopical  anatomical 
abnormalities  which  he  describes  as  follows. 

One  of  the  testes  was  observed  to  be  normal,  macroscopically;  the  other 
was  too  small.  The  first  contains  an  interstitium  with  interstitial  cells 
and  seminiferous  tubules,  which  are  normal. 

Concerning  the  spermatogenesis  it  may  be  remarked,  that  there  are 
only  a  few  spermatozoa  which  have  tails.  Spermatocytes  and  spermatids 
are  vacuolized  and  degenerating  in  great  numbers.  Spermatogones  and 
Sertoli's  cells  are  normal. 
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It  is  possible  that  the  cirrhosis  of  this  rabbit  was  due  to  the  (hot 
poor  in  calcium.  No  other  foods  than  those  niontioned  in  these 
papers  were  given  during  a  whole  year.^ 

SUMMARY   AND    CONCLUSIONS. 

An  increase  of  indigestible  crude  fiber  in  the  diet  causes  a 
higher  feca\  output  of  Ca.  Wlien  the  diet  is  poor  in  Ca  this 
increase  ma}^  be  partly  compensated  by  the  decrease  in  urinary 
calcium  output. 

Even  when  the  Ca  balance  is  highly  negative  there  was  a  large 
percentage  of  Ca  in  the  feces  during  the  periods  with  a  relatively 
•  high  roughage  in  the  food.  As  in  the  experiments. with  cod  liver 
oil  the  urinary  calcium  falls  sooner  than  the  fecal  calcium. 

A  high  protein  diet  decreases  the  fecal  Ca  output.  An  increase 
of  roughage  in  the  diet  barelj^  influences  the  nitrogen  output. 
The  same  is  the  case  with  the  P  output.  Therefore  Ca  and  P 
do  not  always  concur  and  probably  have  not  the  same  physio- 
logical action  in  the  intestines.  As  in  the  experiments  with 
cod  liver  oil  a  highly  negative  Ca  balance  coincides  with  a  positive 
P  balance,  even  when — as  in  some  periods  of  the  second  roughage 
experiment — the  total  Ca  output  is  more  than  three  times  higher 
than  the  intake.  The  production  of  feces  and  urine  was  dimin- 
ished by  protein  just  as  it  was  by  cod  liver  oil. 

A  diet  poor  in  calcium,  given  over  a  long  period,  may  have  been 
the  cause  of  loss  of  reproductive  power  in  one  animal,  and  of 
microscopic  anatomical  abnormalities  of  the  testicles. 

A  ration  with  a  large  amount  of  indigestible  crude  fiber  increases 
in  milch  cows  the  risk  of  a  negative  calcium  balance.  This  is  one 
more  (disadvantage  of  hay  and  other  roughage  of  bad  quality. 

In  conclusion  I  desire  to  express  my  sincere  appreciation  of  the 
assistance  of  Miss  J.  E.  Van  der  Zande,  and  Messrs.  H.  Wooghoudt 
and  W.  Gieteling  in  carrying  out  the  great  number  of  analyses; 
also  of  Mr.  G.  J.  Naber  for  his  attendance  of  the  animals. 

2  Wells  published  in  1903  a  paper  in  which  he  mentions  the  observation 
that  repeated  injections  of  Witte's  peptone  (chiefly  proteoses)  into  rabbits 
led  to  the  production  of  marked  cirrhosis  of  the  liver.  In  his  book  (Wells, 
H.  G.,  Chemical  pathology,  Philadelphia,  4th  edition,  1920,  576)  he  says: 
"subsequent  observations,  however,  have  shown  that  repeated  injections 
of  almost  any  foreign  protein  material  will  cause  a  similar  cirrhosis  in  rab- 
bits, which  animals,  indeed,  often  spontaneously  show  this  condition 
when  apparently  otherwise  normal." 

2nd  line  from  tht  bottom  of  the  page,  for  "W .  Gieteling"  read  "//. 

Cilptpl-inn  " 


STUDIES  OF  THE  THYROID  APPARATUS. 

XVII.    THE    EFFECT    OF    THYROPARATHYROIDECTOMY    AND 

PARATHYROIDECTOMY    AT    100    DAYS    OF    AGE    ON    THE 

Ca,    Mg,    AND    P    CONTENT    OF    THE    ASH    OF    THE 

HUMERUS   AND    FEMUR   OF    MALE   AND    FEMALE 

ALBINO  RATS. 

By  FREDERICK  S.  HAMMETT. 

{From  The  Wistar  Institute  of  Anatomy  and  Biology,  Philadelphia.) 

(Received  for  publication,  June  22,  1923.) 

The  preceding  paper  (1)  of  this  series  dealt  with  the  gross 
anatomical  and  chemical  differentiation  of  the  humerus  and 
femur  of  male  and  female  albino  rats  during  the  growth  period 
from  100  to  150  days  of  age,  and  the  effects  of  thyroparathyroi- 
dectomy  and  parathyroidectomy^  thereon.  The  gross  anatomi- 
cal differentiation  was  determined  from  measurements  of 
weight  and  length;  the  gross  chemical,  from  determinations  of 
the  water,  organic  matter,  and  ash  content  of  the  bones.  This 
paper  reports  a  similar  study  of  the  ash  of  these  bones  and  is 
based  on  determinations  of  their  calcium,  magnesimn,  and  phos- 
phorus content. 

The  source  of  the  material  and  the  general  plan  of  the  experi- 
ment have  been  described  in  an  earlier  communication  (2). 
The  preparation  of  the  bones  for  analysis  and  the  procedure  up 
to  the  point  where  the  ash  was  obtained  are  to  be  found  in  the 
preceding  paper  (1).  The  further  technique  was  as  follows: 
The  ash  was  dissolved  in  the  silica  crucible  with  1  to  2  cc.  of 
concentrated  HCl,  transferred  to  a  50  or  100  cc.  volumetric 
flask,  according  to  weight,  and  made  up  to  volume  with  distilled 
water.  Aliquots  were  taken  in  duplicate;  calcium  was  determined 
by  the  method  of  Kramer  and  Tisdall  (3),  phosphorus  by  the 
method  of  Bell  and  Doisy  (4),  and  magnesium  by  the  modified 
method  of  Hammett  and  Adams  (5).  Certain  of  the  earlier 
analyses  were  made  according  to  the  method  of  Hammett  and 
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Adams  (6)  as  first  (loscribod  and  may  well  have  given  too  high 
values.  But  since  all  the  bones  of  any  given  set  were  analyzed 
by  but  one  method,  intergroup  comparison  is  not  vitiated.  Only 
the  statistical  data  of  the  results  ol)taincd  are  tabulated  here. 
The  individual  records  are  on  file  at  The  Wistar  Institute  and 
are  available  for  study. 

In  Ta])le  I  are  found  the  statistical  data  of  the  ash  and  the 
absolute  and  i)ercentage  values  of  calcimn,  magnesium,  and 
phosphorus  content  of  the  humerus  and  femur  of  the  male  re- 
ference control  (7),  control,  thyroparathyroidcctomized,  and 
parathyroidectomized  groups  of  rats.  Table  II  gives  the  same 
data  o])tained  from  the  females.  The  reference  controls  were 
100  days  of  age,  the  other  groups  150  days  of  age  at  the  time 
the  bones  were  taken  for  analysis.  It  should  be  noted  that  the 
percentage  values  represent  the  mean  percentage  of  calcium, 
magnesium,  and  phosphorus,  not  the  percentage  content  of  the 
average  ash  in  these  constituents.  They,  therefore,  differ  slightly 
from  the  values  obtained  by  direct  calculations  from  the  means 
of  the  absolute  amounts. 

Normal  Bone. 

At  100  days  of  age  the  percentage  value  of  calcium,  magnesium, 
and  phosphorus  of  the  humerus  ash  is  practically  the  same  as 
that  of  the  femur,  notwithstanding  the  markedly  heavier  ash 
and  greater  absolute  amount  of  the  three  constituents  in  the 
latter.  There  is,  however,  a  slight  but  valid  superiority  in  the 
percentage  of  phosphorus  exhibited  by  the  femm*.  Since  this  is 
present  in  both  sexes,  and  is  shown  in  all  the  groups,  though  not 
to  a  statistically  valid  degree  in  all  (the  consistency  of  the  posi- 
tive deviation  for  the  individual  observations  is  66  per  cent), 
it  is  undoubtedly  significant.  This  consistent  superiority  of 
the  femur  in  organic  matter  percentage  (1)  is  the  most  plausible 
explanation. 

At  100  days  of  age  no  significant  sex  difference  is  exhibited  in 
the  percentage  of  magnesium  and  phosphorus.  The  percentage 
of  calcium  in  the  ash  of  both  bones,  however,  is  greater  in  the 
females  than  in  the  males.  This  sex  difference  is  an  accompani- 
ment of  the  more  advanced  state  of  ossification  of  the  bones  in 
the  females  as  shown  by  their  higher  percentage  of  ash  (1). 
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At.  150  days  of  age  the  identity  of  the  humerus  and  femur 
ash  in  calcium  and  magnesium  percentage,  the  superiority  of 
the  femur  in  percentage  of  phosphorus,  and  the  higher  percent- 
age of  calcium  in  the  bones  of  the  females  are  shown,  as  at  100  days 
of  age,  and  are  similarly  interpretable. 

The  sex  differences  in  absolute  amounts  of  ash,  and  of  calciimi, 
magnesium,  and  phosphorus  of  the  ash  at  both  ages  are  too  small 
to  be  individually  valid,  yet  the  consistency  of  the  direction  of 
deviation  shows  that  the  bones  of  the  females  at  100  days  of  age 
have  absolutely  greater  amounts  of  ash,   calcium,  magnesium, 

TABLE  III. 

Percentage  Increments  of  Calcium,  Magnesium,  and  Phosphorus  of  the 

Various  Groups  of  Rats  During  the  Growth  Period  from  100  to  150 

Days. 


Controls. 

Thyroparathyroi- 
dectomiaed  rats. 

Parathyroidectomized 
rats. 

Element. 
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-7.3 
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cent 
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-1.0 

per 
cent 

27.8 
53.5 
32.1 

fer 
cent 

3.7 

28.2 
8.1 

and  phosphorus  than  do  those  of  the  males,  and  that  at  150  days 
the  conditions  are  reversed.  The  correctness  of  this  supposition 
is  supported  by  the  fact  that  the  rate  of  growth  of  the  humerus 
and  femm-  in  the  male  rats  during  the  period  of  observation  is 
greater  than  that  of  the  females  (1)  in  weight,  length,  water, 
organic  matter,  ash,  calcium,  magnesium,  and  phosphorus. 

The  study  of  growth  is  the  study  of  a  process.  The  chief 
focus  of  these  investigations  is  on  the  changes  incident  to  growth 
and  the  effects  of  thyroid  (thyroparathyroid)  and  parathyroid 
lack  on  these  changes. 

Although  the  percentage  of  ash  content  of  both  bones  of  both 
sexes  increases  because  the  rate  of  growth  in  weight  by  ash  depo- 
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sition  is  greater  than  the  rate  of  growth  in  weight  of  the  bone  as  a 
whole  (1)  and  the  absolute  ash  content  increases  as  a  result  of 
the  deposition  of  calciimi,  magnesium,  and  phosphorus,  no  valid 
changes  in  the  percentage  content  of  the  ash  in  these  constit- 
uents obtain. 

Certain  drifts  appear,  such  as  a  tendency  towards  an  increased 
calcium  percentage  and  a  decreased  phosphorus  percentage, 
but  the  extent  of  the  change  is  too  small  to  be  anything  but  an 
indication  of  a  possible  tendency.  It  is  therefore  evident  that 
the  nature  of  the  ash,  in  as  far  as  its  calciiun,  magnesium,  and 
phosphorus  make-up  is  concerned,  laid  down  in  these  bones 
during  normal  growth  from  100  to  150  days  of  age,  is  practically 
identical  with  that  already  present,  and  that  there  is  no  definitely 
detectable  differentiation  in  ash  composition  occurring  over  this 
interval. 

The  extent  of  the  increase  in  the  ash  constituents  determined 
is  of  interest  in  that  it  brings  out  several  points  of  importance. 
In  Table  III  there  are  given  the  percentage  increments  of  cal- 
cimn,  magnesium,  and  phosphorus  of  the  ash  for  the  period  of 
observation. 

It  is  evident  that  there  is  an  almost  complete  uniformity  in 
percentage  increase  of  the  three  constituents  in  the  individual 
bone;  that  the  percentage  increase  is  practically  the  same  in 
both  bones,  and  that  it  is  uniformly  greater  in  the  males  than  in 
the  females. 

Before  going  on  to  a  specific  consideration  of  the  changes  in- 
duced b}^  the  experimental  procedm-es  I  wish  to  call  attention 
to  certain  general  implications  afforded  by  the  data  as  a  whole. 

The  uniformity  of  the  percentage  increase  and  composition 
of  the  two  bones  is  exhibited  by  the  experimental  groups  as  well 
as  by  the  controls.  This  indicates  that  the  chemical  processes 
concerned  with  ossification  (the  deposition  of  the  calciimi,  mag- 
nesium, and  phosphorus  compounds  characteristic  of  osseous 
tissue)  are  identical  for  serially  homologous  bones,  notwithstand- 
ing sex  differences  in  intensity,  or  qualitative  alterations  of  ac- 
tivity due  to  thyroid  (thyroparathyroid)  or  parathyroid  de- 
ficiency. 

Certain  general  trends  in  group  variability  are  of  significance. 
The  variability  in  percentage  composition  is  consistently  much 
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less  than  the  variability  in  absolute  amounts.  This  demon- 
strates that  regardless  of  the  amount  of  ash  present  or  being 
formed  in  the  process  of  ossification  the  bone  tends  to  maintain 
that  adequate  balance  between  the  amounts  of  calciimi,  mag- 
nesium, and  phosphorus  of  the  ash  which  yields  a  uniform  per- 
centage composition  of  the  ash  with  respect  to  these  three  con- 
stituents. Although  experimental  procedure  may  cause  a  shift 
in  the  processes  and  distribution,  the  tendency  to  maintain  the 
percentage  composition  characteristic  for  the  changed  state  of 
the  organism  remains. 

The  order  of  increasing  variability  in  percentage  values  is 
Ca,  P,  Mg.  The  differences  are  sufficiently  consistent  and 
marked  to  be  valid.  The  difference  between  the  group  variabihty 
in  calcium  and  phosphorus  percentage  is  much  less  than  that 
between  calcium  or  phosphorus  and  magnesium.  It  is  proloable, 
however,  that  the  high  variability  in  magnesium  percentage  is 
methodological.  This  opinion  is  supported  by  the  fact  that  the 
group  variability  in  absolute  amounts  of  magnesium  is  generally 
higher  than  that  of  calcimn  or  magnesium.  The  slighth^  greater 
variability  in  percentage  phosphorus  as  compared  with  calciimi 
may  be  technical  or  due  to  organic  matter  combination  variability. 

Bones  of  the  Thyroparaihyroidectomized  Rats. 

As  in  the  control  group,  the  ash  content  and  the  absolute 
amounts  of  calcimn,  magnesium,  and  phosphorus  of  the  femur 
of  this  group  were  greater  than  those  of  the  humerus  in  both 
sexes,  while  the  percentage  composition  of  the  two  bones  was 
pi-actically  the  same,  although  a  tendency  to  superiority  in  phos- 
phorus percentage  was  exhibited  by  the  male  femur. 

The  thyroparathyroidectomized  rats  differed  from  the  controls 
in  that  sex  differences  in  absolute  amounts  of  the  ash  and  its 
constituents  were  present.  The  bones  of  the  females  had  less 
ash,  calcium,  magnesium,  and  phosphorus  than  did  those  of  the 
males.  As  in  the  control  groups,  so  in  this,  there  were  no  signifi- 
cant sex  differences  in  magnesium  or  phosphorus  percentage 
of  the  ash.  But  the  calcium  percentage  tended  to  be  higher  in 
the  males  than  in  the  females;  a  reversal  of  the  condition  in  the 
controls.     This  is  explained  by  the  greater  sensitivity  of  the 
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female  ortianism  to  thyroid  deficiency,  as  described  in  previous 
papers. 

Comparing  now  the  state  of  the  bones  of  the  thj'-ropaiathy- 
roidectomized  rats  with  those  of  their  controls  of  the  sanu^  age 
it  is  seen  that  both  bones  of  Ijoth  sexes  of  the  operated  gioups 
have  absolutely  less  ash,  calcium,  magnesium,  and  phosphorus. 
These  bones  were  also  lighter,  shorter,  and  had  less  water  and 
organic  matter  (1).  In  the  males  the  percentage  of  calcium  of 
both  bones  of  the  thyroparathyroidectomized  rats  did  not  differ 
to  a  statistically  valid  degree  from  that  of  their  controls.  There 
was  a  greater  phosphorus  percentage  in  the  humerus  which  was 
reflected  in  the  femur  to  a  slight  extent,  and  which  can  be  asso- 
ciated with  the  greater  percentage  of  organic  matter  (1)  or  with  the 
increase  in  percentage  of  magnesium  or  both.  The  female  thyro- 
parathyroidectomized rats  had  a  definitely  lower  calcium  per- 
centage than  their  controls,  but  they  showed  no  valid  changes 
in-  percentage  of  phosphorus  although  the  drift  to  a  higher  value 
as  exhibited  in  the  males  was  evident.  As  in  the  males,  so  in 
the  females,  the  percentage  of  magnesium  was  higher  in  the 
thyroparathyroidectomized  rats  than  in  the  controls.  The  general 
trend,  therefore,  of  the  two  sexes  was  the  same. 

An  analytical  comparison  of  the  terminal  state  of  the  bones 
of  the  control  and  test  groups  fails  to  give  a  valid  basis  for  an 
interpretation  of  the  effect  of  the  experimental  procedure  on  the 
process  of  ash  formation.  An  analysis  of  a  terminal  state  by 
itself  is  no  index  of  the  process  which  has  led  to  that  state.  The 
lack  of  appreciation  of  this  principle  has  led  to  many  erroneous 
conclusions.  It  is  only  by  comparing  initial  and  terminal  states, 
with  intermediary  interpolations  when  possible,  that  an  adequate 
picture  is  obtained. 

A  study  of  Table  I  shows  that  the  absolute  amount  of  calcium, 
magnesium,  and  phosphorus  of  the  ash  of  both  bones  of  the  male 
thyroparathyroidectomized  rats  at  150  days  of  age  was  greater 
than  that  of  their  reference  controls  100  days  old,  and  less  than 
that  of  their  controls  of  the  same  age.  From  Table  III  it  is 
evident  that  the  percentage  increase  in  absolute  amount  of  these 
three  constituents  was  markedly  less  than  that  of  the  controls 
for  the  same  period,  although  the  differences  of  both  bones  from 
the  controls  were  qualitatively  the  same  and  quantitatively  of 
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the  same  order  of  magnitude.  In  the  thyroparathyroidectomized 
rats  the  percentage  increase  in  calcium,  magnesium,  and  phos- 
phorus was  not  uniform  in  degree  as  was  the  case  in  the  controls. 
The  percentages  of  calcium  and  phosphorus  increments  were 
the  same,  but  definitelj^  lower  than  that  of  magnesium. 

It  is  thus  evident  that  the  lack  of  thyroid  (thyroparathyroid) 
secretion  has  not  only  retarded  ash  formation  (1)  and  the  deposi- 
tion of  the  salts  of  calcium,  magnesium,  and  phosphorus,  but 
it  has  also  caused  a  change  in  the  nature  of  the  ash.  This  dif- 
ferential effect  of  thyroid  (thyroparathyroid)  deficiency  on  the 
relative  rate  of  deposition  of  the  ash  constituents  naturally  re- 
sulted in  an  alteration  or  differentiation  of  the  percentage  com- 
position of  the  ash.  The  result  of  the  differentiation  was  the 
production  of  an  ash  having  approximately  the  same  calcium 
percentage  as  the  normal,  a  slightly  higher  magnesium  percent- 
age, and  a  tendency  towards  a  higher  percentage  of  phosphorus. 
It  is  to  be  remembered  that  no  definitely  detectable  differentia- 
tion of  ash  composition  normally  occurs  during  the  growth  of 
the  bones  from  100  to  1.50  days  of  age. 

Since  these  observations  represent  the  effects  of  chronic  thyro- 
parathyroid deficiency  they  are  not  strictly  comparable  with 
observations  made  on  thyroparathyroidectomized  animals  mori- 
bund from  acute  parathyroid  tetany  or  kept  alive  b}^  special 
therapeutic  measures.  As  will  be  shown  presently,  however,  it 
is  probable  that  the  slight  shift  in  ash  composition  is  due  to  the 
parathyroid  and  not  to  the  thyroid  deficiency. 

Marie  Parhon  (8)  has  recently  reported  that  chronic  th3a'oid 
deficiency  in  sheep  results  in  a  low  calciimi  content  of  the  blood. 
The  studies  of  Hastings  and  Murray  (9), Gross  and  Underbill  (10), 
and  others  show  that  during  the  period  of  acute  parathyroid 
tetany  following  thyroparathyroidectomy  the  blood  calcium  is 
low.  Although  all  these  effects,  with  the  possible  exception  of 
those  obtained  by  Parhon,  may  be  attributed  to  the  parathyroid 
deficiency,  it  is  probable  that  thyroid  deficiency  as  well  as  para- 
thyroid deficiency  produces  a  lowering  of  the  calcimn-retaining 
ability  of  the  organism. 

This  belief  is  founded  on  the  fact  reported  in  the  preceding 
paper  (1)  that  while  ossification  of  the  humerus  and  femur  in 
the  male  thyroparathyroidectomized  rats  is  both  absolutely  and 


294  Studies   of   the   Thyroid   Apparatus.     XVII 

relatively  inhibited  so  that  these  bones  not  onl}^  contain  less  ash 
but  a  smaller  percentage  of  ash,  in  the  male  parathyroidectomized 
rats  the  percentage  of  ash  of  the  bones  is  no  different  from  that 
of  the  normal  controls  of  the  same  age. 

In  other  words,  since  parathyroid  deficiency  in  the  male  rat 
does  not  prevent  that  degree  of  ossification  of  the  bones  con- 
sistent with  their  growth  and  size,  while  a  combined  thyroid  and 
parathyroid  deficiency  has  this  effect,  it  is  probable  that  the 
diminution  of  ossification  ability  is  largely  a  specific  effect  of  the 
lack  of  thyroid  function. 

It  is  necessary  to  differentiate  between  ossification  as  the 
general  process  concerned  in  the  deposition  of  the  inorganic  salts 
characteristic  of  bone,  and  calcification  as  the  process  in  ossifi- 
cation concerned  with  the  deposition  of  calcium  salts.  Ossi- 
fication can  be  considered  as  being  factored  bj?-  at  least  two  proc- 
esses: (1)  the  ability  to  lay  down  the  inorganic  salts,  and  (2) 
the  ability  to  lay  them  down  in  their  correct  proportions.  The 
one  is  quantitative,  the  other  qualitative.  The  one  is  a  matter 
of  growth,  the  other  a  matter  of  differentiation.  It  is  possible 
for  growth  (ossification)  to  be  retarded  and  differentiation  (cal- 
cification) to  be  not  greatly  disturbed.  Such  has  occurred  in 
the  bones  of  these  male  thyroparathyroidectomized  rats  for 
Table  I  shows  that  the  percentage  of  calcium  is  normal. 

Therefore,  thyroid  deficiency  in  the  males,  even  though  it 
causes  a  retardation  of  absolute  growth  of  the  two  bones  by 
increments  in  water,  organic  matter,  and  ash,  even  though  it 
causes  a  decrease  in  the  extent  of  ossification,  and  even  though 
it  probably  causes  a  decrease  in  the  ability  of  the  organism  to 
retain  calcium,  does  not  cause  any  loss  of  calcium  from  these 
bones  or  prevent  the  formation  of  an  ash  of  normal  calcium 
content. 

Turning  to  the  male  parathyroidectomized  rats  it  is  seen  from 
Table  I  that  the  absolute  amount  of  calciimi,  magnesium,  and 
phosphorus  of  the  ash  of  both  bones  at  150  days  of  age  was 
greater  than  that  of  their  reference  controls  100  days  old.  During 
growth,  increments  of  these  constituents  were  made.  These 
increments  were  greater  than  those  laid  down  in  the  bones  of 
thja-oparathja'oidectomized  rats.  Comparing  the  data  of  para- 
thvroidectomized  rats  with  those  of  the  controls  of  the  same  age 
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it  is  found  that  the  absolute  amount  of  calcium  and  phosphorus 
was  less  in  the  tests.  This  indicates  some  degree  of  retardation 
of  growth  by  deposition  of  these  constituents.  On  the  other 
hand,  the  parathyroidectomized  rats  tended  to  have  a  higher 
amount  of  magnesium  than  their  controls.  It  is  obvious  that 
disturbance  of  ash  composition  has  been  produced.  The  direc- 
tion of  this  disturbance  and  the  extent  of  the  effect  of  parathy- 
roid lack  are  brought  out  in  Table  III. 

The  percentage  increase  in  calcium  and  phosphorus  was  dimin- 
ished to  a  considerable  extent,  but  not  to  anywhere  near  the 
degree  that  it  was  in  the  thyroparathyroidectomized  rats.  This, 
of  course,  is  due  to  the  fact  that  the  toxemia  of  parathyroid 
deficiency  did  not  affect  adversely  the  growth  of  the  bones  in 
weight,  length,  water,  organic  matter,  and  ash  increments  as 
much  as  did  the  thyroid  (thyroparathyroid)  deficiency  (1). 

The  percentage  increase  in  magnesium  was  greater  in  the  para- 
thyroidectomized rats  than  in  the  controls;  again,  a  quantitatively 
different  response  than  that  elicited  by  thyroparathja'oidectomy. 
The  response  of  the  tlu'ee  constituents  with  regard  to  distribution 
was  the  same  for  both  groups.  Moreover,  the  differences  of 
both  bones  from  those  of  the  controls  were  qualitatively  the  same 
and  quantitatively  of  practically  the  same  order  of  magnitude, 
just  as  was  observed  in  the  thyroparathyroidectomized  rats. 

The  lack  of  parathyroid  secretion  not  only  retarded  ash  for- 
mation (1)  to  a  slight  extent  and  the  deposition  of  calcium, 
magnesium,  and  phosphorus,  but  it  caused  a  change  in  the  nature 
of  the  ash.  This  disturbance  is  reflected  in  the  percentage 
composition  of  the  ash  given  in  Table  I.  The  result  of  the  dis- 
turbance was  the  production  of  a  l)one  having  practically  the 
same  percentage  of  calcium  as  that  of  the  normal,  but  a  much 
higher  percentage  of  magnesium  and  phosphorus.  This  shift 
in  percentage  composition  of  the  ash  was  in  the  same  direction, 
but  over  twice  as  far  from  the  controls  as  occm'red  in  the 
thyroparathyroidectomized  rats.  It  is  the  expression  of  the  true 
parathyroid  deficiency  effect.  The  high  phosphorus  content 
of  the  bones  is  in  line  with  the  observations  of  Greenwald  (11) 
and  Juschtschenko  (12)  that  a  phosphorus  retention  occurs 
after  thyroparathyroidectomj'  and  parathyroidectomy  as  shown 
by  the  decreased  excretion  and  increased  concentration  in  the 
blood. 
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Since  the  shift  in  the  percentage  composition  of  the  ash  of  the 
thyroparathyroidectoniized  rats  was  in  the  same  direction  it  is 
probable  that  the  sHglit  disturbance  in  the  latter  was  also  an 
expression  of  the  lack  of  parathyroid  secretion.  A  tentative 
explanation  for  the  damping  down  of  the  effects  of  parathyroidec- 
tomy when  the  thyroid  has  been  simiiltaneoush'  removed  has 
been  given  in  another  place  (13). 

The  literature  contains  no  record  of  a  disturbance  in  mag- 
nesium metabolism  following  parathyroidectomy  such  as  is 
described  here.  That  it  is  a  real  phenomenon  is  shown  by  its 
uniform  occurrence  in  both  bones  of  both  sexes. 

These  anah'tical  results  show  definitely  that  the  lack  of  para- 
thyroid function  does  not  cause  an  absolute  or  a  relative  loss  of 
calcium  from  the  bones  of  male  rats.  They  show  that  the  ability 
of  the  bone  to  incorporate  into  its  ash  the  normal  proportion  of 
calcium  is  undisturbed,  even  though  an  absolute  loss  of  calcium 
from  the  organism  may  have  occurred,  as  indicated  by  the  experi- 
ments of  MacCallmn  and  Voegtlin  (14)  even  though  a  low  blood 
calcium  may  be  present  as  shown  by  the  studies  of  these  investi- 
gators. Trendelenburg  and  Goebel  (15),  and  even  the  histologi- 
cal studies  of  Erdheim  (16),  Morel  (17),  Canal  (18),  and  others 
tend  to  demonstrate  a  deficient  ossification,  which  my  analyses 
have  established  as  a  fact  (1). 

This  is  significant  of  an  inherent  stability  of  the  chemical 
process  of  calcification  and  removes  it  from  a  direct  dependence 
upon  parathyroid  function.  It  is,  to  my  mind,  a  further  ob- 
struction to  the  theory  of  MacCallmn. 

The  reactions  in  the  females  were  somewhat  different  in  certain 
respects. 

Table  II  shows  that  after  thyroparathyroidectomy  the  ash  of 
both  bones  failed  to  increase  in  absolute  amount.  In  fact,  the 
humerus  of  the  female  thyroparathyroidectoniized  rats  at  150 
days  of  age  contained  less  ash  than  did  the  humerus  of  their 
reference  controls  100  days  old.  WHiile  the  femm-  showed  the 
same  drift  the  difference  was  not  large  enough  to  be  valid.  This 
resulted  in  a  decrease  in  the  percentage  of  ash  of  both  bones  and 
is  indicative  of  an  inhibition  of  ossification  similar  to  that  ob- 
served in  the  males. 
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Since  there  was  no  increase  in  ash  it  was  to  be  expected  that 
the  ash  constituents  would  fail  to  show  an  increase  in  absolute 
amounts,  and  this  is  seen  to  be  the  case  in  both  bones  in  as  far 
as  calcium  and  phosphorus  are  concerned.  In  fact,  there  was  a 
general  tendenc,y  for  tliese  constituents  to  be  less  in  the  ash  of 
thj-roparathyroidectomized  rats  than  in  the  ash  of  the  reference 
controls,  50  days  \'Ounger.  In  the  humerus  the  differences  were 
almost  sufficiently  great  to  be  statistically  valid.  The  magne- 
sium, on  the  other  hand,  showed  no  decrease,  but  a  tendency 
towards  a  higher  value.  Although  many  of  these  differences 
are  small  and  cannot  be  considered  valid  when  taken  individually, 
the  fact  that  the  drift  is  uniform  for  both  bones  justifies  the  belief 
that  the  direction  of  change  induced  bj'  thyroparathyroidectomy 
in  the  females  is  towards  a  bone  (1),  having  absolutely  and  rela- 
tively less  ash,  less  absolute  amounts  of  calcium  and  phosphorus 
in  the  ash,  and  more  magnesium. 

The  trend  of  these  changes  is  shown  better  by  the  data  in 
Table  III.  Thej"  show  that  ciualitativety  the  differences  of 
both  bones  from  the  controls  were  the  same,  and  that  although 
the  inhibitions  in  the  increase  of  ash  by  the  individual  constituents 
were  greater  in  the  females  than  in  the  males,  the  relative  dis- 
tribution of  the  response  was  the  same  in  bath  sexes. 

That  is  to  say,  the  percentage  change  in  calcium,  magnesium, 
and  phosphorus  was  not  uniform  as  was  the  case  in  the  controls. 
The  calcium  and  phosphorus  were  more  adversely'  affected  than 
was  the  magnesium.  The  response  of  the  calcium  and  phos- 
phorus was  of  the  same  order  of  magnitude  in  both  bones,  although 
probably  slight^  less  marked  in  the  femur. 

It  is  thus  evident  that  the  lack  of  thyroid  (thyroparathyroid) 
secretion  has  initiated  a  change  in  the  nature  of  the  ash  of  both 
bones  of  the  females.  The  result  of  this  disturbance,  as  seen 
from  the  data  on  percentage  composition  of  the  bones  in  Table 
II,  was  the  production  of  an  ash  having  a  definitely  lower  per- 
centage of  calcium  than  the  controls  of  both  ages,  a  slightly 
higher  magnesimn  percentage,  and  a  tendency  towards  a  higher 
percentage  of  phosphorus  than  was  present  in  the  controls  of  the 
same  age. 

The  course  of  differentiation  in  magnesimn  and  phosphorus 
was  quite  the  same  as  in  the  ash  of  the  bones  of  the  male  thyro- 
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parathyroidectomized  rats  and  is  similarly  interpretable.  The 
absolute  and  relative  decrease  in  calcium  content  of  the  bones 
of  the  females  is  evidence  of  decalcification,  a  phenomenon  which 
did  not  occur  in  the  males.  An  explanation  of  this  will  be  given 
after  a  description  of  the  results  of  parathyroid  deficiency. 

From  Table  II  it  is  evident  that  the  absolute  amount  of  cal- 
cium, magnesium,  and  phosphorus  of  the  ash  of  both  bones  of 
the  parathyroidectomized  females  was  consistently  greater  than 
that  of  their  reference  controls  at  100  days  of  age,  though  only 
to  a  statistically  valid  degree  in  the  case  of  the  phosphorus  in 
the  femur  and  of  the  magnesium  of  both  bones.  Nevertheless, 
the  consistency  of  the  drift  is  sufficient  to  justify  the  belief  that 
during  growth,  increments  of  ash  and  calciimi,  magnesium,  and 
phosphorus  of  the  ash  were  made.  These  increments  were  con- 
sistently greater  than  those  laid  down  in  the  thyroparathyroidec- 
tomized  rats.  Comparing  the  data  of  the  parathyroidectomized 
rats  with  those  of  their  controls  of  the  same  age  it  is  seen  that 
the  absolute  amounts  of  calcium  and  phosphorus  were  less  in 
the  tests  than  in  the  controls,  while  the  magnesium  was  greater. 
Thus  it  is  seen  that  the  direction  of  change  was  the  same  in  the 
females  as  in  the  males  and  is  similarly  interpretable. 

The  direction  an'd  extent  of  the  disturbance  is  brought  out  in 
Table  III. 

The  percentage  increase  of  all  constituents  of  the  parathy- 
roidectomized females  was  of  the  same  order  of  magnitude  in 
each  bone.  The  percentage  increase  in  calcium  was  very  small, 
much  less  than  that  of  the  controls  of  the  same  sex  and  of  the 
males  of  the  same  group;  but  was  an  increase,  while  in  the  thy- 
roparathyroidectomized  females  a  decrease  obtained. 

The  percentage  increase  in  magnesium  was  almost  the  same 
as  that  of  the  controls,  less  than  that  of  the  males  of  the  same 
group,  much  greater  than  that  of  the  thyroparathyroidectomized 
females,  and  much  greater  than  that  of  calcium  and  phosphorus. 

The  percentage  increase  in  phosphorus  was  not  large,  much 
less  than  that  of  the  controls  of  the  same  sex  and  the  males  of 
the  same  group,  greater  than  that  of  calcium,  but  an  increase, 
while  in  the  thjToparathyroidectomized  females  there  was  a 
decrease. 
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The  inhibitory  effects  of  parathyroid  deficiency  were  much 
less  intense  than  were  those  of  thyroid  (thyroparathyroid)  de- 
ficiency, but  the  same  general  type  of  interconstituent  differentia- 
tion was  present  in  both  as  was  present  in  the  males.  The  same 
holds  true  for  the  intersexual  differences. 

It  is  thus  evident  that  the  lack  of  parathyroid  function  has 
initiated  a  change  in  the  nature  of  the  ash  of  both  bones  of  the 
females.  The  result  of  this  disturbance  as  seen  from  the  data 
in  Table  II  was  the  production  of  an  ash  having  a  percentage  of 
calcium  not  only  lower  than  that  of  the  controls  of  the  same  age, 
but  also  lower  than  that  of  the  thyroparathyroidectomized 
females,  and  with  a  higher  percentage  of  magnesium  and  phos- 
phorus. Hence  the  course  of  the  differentiation  was  the  same 
in  the  parathyroidectomized  and  in  the  thyroparathyroidec- 
tomized rats,  but  quantitatively  greater. 

The  com-se  of  differentiation  in  magnesium  and  phosphorus 
was  the  same  as  in  the  male  parathyroidectomized  rats  and  was 
similarly  much  greater  than  that  obtaining  in  the  thyroparathy- 
roidectomized rats.  Hence,  the  interpretation  of  the  drift  in 
the  latter  as  a  parathyroid  deficiency  effect  is  strengthened. 

The  perfectly  definite  decrease  in  the  percentage  of  calcimn 
of  the  ash  in  both  bones  of  the  female  thyroparathyroidectomized 
and  parathyroidectomized  rats,  differing  as  it  does  from  the 
stability  shown  in  the  males  is  in  general  and  in  part  explainable 
on  the  basis  of  the  inherent  difference  in  sensitivity  of  the  gonads 
of  the  two  sexes  to  the  loss  of  the  thyroid  (thyroparathyroid^ 
or  parathyroid  functions. 

It  was  found  and  is  reported  in  another  place  (19)  that  the 
growth  of  the  testes  of  the  male  thyroparathyroidectomized 
rats,  the  analyses  of  the  ash  of  the  bones  of  which  are  the  sub- 
ject of  this  paper,  was  70.0  per  cent  of  the  normal,  while  the 
body  weight  growth  was  31.0  per  cent;  and  the  growth  of  the 
testes  of  the  parathyroidectomized  rats  was  109.2  per  cent,  and 
the  body  weight  57.1  per  cent  of  the  normal.  In  the  female 
thyroparathyroidectomized  rats,  on  the  other  hand,  the  ovaries 
lost  236.3  per  cent  of  what  they  should  have  gained,  while  the 
body  weight  decrease  was  only  28.2  per  cent;  and  in  the  para- 
thyroidectomized females  the  ovary  loss  was  90.3  per  cent,  while 
the  body  weight  gain  was  20.7  per  cent  of  the  normal. 
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Tlicse  values  show  that  the  loss  of  the  thyroid  apparatus  or 
the  parathyroids  did  not  cut  down  the  growth  of  the  testes  as 
compared  with  the  growth  of  the  body  as  a  whole,  while  it  not 
only  stopped  the  growth  of  the  ovaries  but  induced  marked 
retrogression  and  loss  of  substance. 

It  is  well  known  that  a  distm-bed  ovarian  function  frequently 
accompanies  osteomalacia,  a  disease  characterized  by  a  diminished 
calcium  and  an  increased  magnesium  content  of  the  bones  (20). 
It  is  the  opinion  of  many  that  the  disease  is  due  to  ovarian  dys- 
function (21).  Freund  and  Lockwood  (22)  found  that  ovariec- 
tomy in  osteomalacia  was  followed  by  an  increase  in  the  negative 
calcium  balance,  and  experiments  have  shown  that  "transplan- 
tation" of  the  ovaries  produces  a  low  calcium  content  of  the 
bones,  while  "castration"  is  followed  by  no  distinct  change  (23). 
In  addition  the  results  reported  in  this  and  the  previous  paper  (1) 
show  that  the  himierus  and  femur  of  the  normal  female  rat 
contain  a  higher  percentage  of  ash  and  calcium  in  the  ash  than 
do  these  bones  in  the  males. 

Knowing  as  I  do  that  the  lack  of  the  thyroid  (thyroparathy- 
roid)  or  parathyroid  functions  reverberates  throughout  the 
organism  and  causes  severe  and  differential  inhibitions  of  growth 
(24,  25),  and  in  view  of  the  lack  of  systematic  data  on  the  effects 
of  gonadectomy  on  the  composition  of  bone  ash,  I  would  hesitate 
to  say  that  the  decalcification  of  the  bones  in  the  thyroparathy- 
roidectomized  and  parathyroidectomized  females  was  a  direct 
consequence  of  the  ovarian  degeneration. 

On  the  other  hand,  I  do  believe  that  the  specific  sex  difference 
in  response  of  the  gonads  to  thyroid  (thyroparathyroid)  and 
parathyroid  lack,  the  normally  higher  percentage  of  calcimn  in 
the  ash  of  the  female  bones,  and  the  observations  on  osteomalacia 
point  unmistakably  to  the  retrogression  of  the  ovaries  as  a  factor, 
probably  the  determining  factor,  in  the  decalcification  reported 
here. 

That  it  is  a  combination  of  ovarian  dysfunction  and  para- 
thyroid deficiency  is  suggested  by  the  fact  that  it  is  in  the  para- 
thyroidectomized rats  that  the  effect  is  most  marked.  Since 
the  ovarian  retrogression  is  much  less  in  the  parathyroidectomized 
rats  than  in  the  thj^roparathyroidectomized  rats  it  is  possible 
that  the  parathyroid  deficiency  is  primary,  the  ovarian  dystrophy 
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being  the  secondary  but  determining  factor  in  the  combination 
for  decalcification.  Such  being  the  case  it  is  probable  that  the 
decalcification  of  the  thyroparathyroid  bones  is  primarily  a 
parathyroid  effect,  as  was  concluded  for  the  increased  percentage 
of  magnesium  and  phosphorus  from  other  premises. 

The  findings  of  McCrudden  (20)  that  the  bones  in  osteomalacia 
contain  a  higher  percentage  of  magnesium  than  the  normal, 
when  correlated  with  my  findings  in  parathyroidless  rats  and 
the  above  are  suggestive,  but  the  data  here  or  elsewhere  reported 
do  not  justify  extension  of  the  analysis. 

SUMMARY   AND    COXCLUSIONS. 

A  study  is  made  of  the  changes  in  the  chemical  composition 
of  the  ash  of  the  humerus  and  femur  of  male  and  female  albino 
rats  during  the  growth  period  from  100  to  150  daj's  of  age  and 
the  effect  of  thyroparathyroidectonw  and  parathyroidectomy 
thereon. 

The)-e  is  no  definitely  detectable  differentiation  in  ash  com- 
position occurring  in  the  humerus  and  femur  of  normal  rats 
during  the  50  day  period  of  observation. 

The  two  bones  exhibit  a  uniformity  of  percentage  increase 
in  the  three  ash  constituents  determined  (calcium,  magnesium, 
and  phosphorus)  and  a  uniformitj^  of  percentage  composition 
of  the  ash.  Since  this  holds  for  every  group  it  indicates  that 
the  chemical  processes  concerned  with  ossification  ,(the  deposi- 
tion of  the  calcium,  magnesium,  and  phosphorus  compounds 
characteristic  of  osseous  tissue)  are  identical  for  serially  homol- 
ogous bones,  notwithstanding  sex  differences  in  intensity,  or 
qualitative  alterations  of  activity  due  to  thyroid  (thj-ropara- 
thyroid)  or  parathyroid  deficiency. 

When  the  thyroid  apparatus  is  removed  the  ossification  ability 
of  the  bones  is  markedly  reduced  so  that  there  is  produced  a 
bone  of  both  absolutely'  and  relatively  less  ash  content.  This 
is  considered  as  largely  due  to  the  loss  of  the  stimulus  to  general 
growth  provided  by  the  thyroid.  In  both  bones  of  both  sexes 
there  is  a  slight  shift  in  the  nature  of  the  ash  deposited.  The 
direction  of  this  shift  is  towards  a  higher  percentage  of  magnesium 
and  phosphorus  than  in  the  normal.  This  change  in  ash  com- 
position is  believed  to  be  an  effect  of  the  parathyroid  deficiency 


302  Studies   of   the   Thyroid   Apparatus.     XVII 

since  it  is  shown  to  a  much  more  marked  degree  in  the  bones  of 
the  rats  which  had  only  their  parathyroid  glands  removed. 

No  change  in  the  percentage  of  calcium  of  the  ash  was  caused 
by  thyroparathyroidectomy  in  the  male  rats. 

When  the  parathyroid  glands  alone  were  removed  the  shift 
in  magnesium  and  phosphorus  percentage  of  the  ash  was  as 
described  above,  and  in  the  males  no  change  in  percentage  of 
calciimi  was  obtained. 

It  is  therefore  clear  that  although  the  calcium-retaining  ability 
of  the  organism  is  reduced  by  the  lack  of  function  of  both  the 
thyroid  and  the  parathyroid  glands  as  shown  by  the  greater 
excretion  of  this  element,  its  lower  concentration  in  the  blood 
and  the  decreased  ossification  of  the  bones,  the  process  of  cal- 
cification of  the  ash,  is  undisturbed.  This  is  evidence  that 
the  formation  of  a  bone  ash  of  normal  calciimi  content  is  not 
directl}'  related  to  thyroid  or  parathyroid  function. 

A  differentiation  between  these  two  phases  of  calcium  utiliza- 
tion by  the  organism  and  their  relation  to  thyroid  and  parathyroid 
function  is  of  importance. 

The  ash  of  both  bones  of  the  parathyroidectomized  female 
had  a  lower  percentage  of  calcium  than  the  normal.  The  same 
was  true  but  to  a  lesser  degree  of  the  ash  of  the  thyroparathj-- 
roidectomized  females.  It  is  therefore  probable  that  the  lower 
percentage  of  calciimi  in  the  ash  of  thyroparathyroidectomized 
rats  is  to  be  associated  with  parathyroid  rather  than  thyroid  de- 
ficiency. Data  are  presented  which  justify  the  belief  that  the 
decrease  in  calcium  percentage  of  the  ash  of  the  bones  of  the 
female  thyroparath^a-oidectomized  and  parathyroidectomized 
rats  is  due  to  a  combination  of  parathyriod  deficiency  and  ovarian 
dj-strophy,  the  latter  probably  being  the  determining  factor 
acting  upon  a  substratum  already  weakened  as  to  its  calcium- 
retaining  ability  by  the  toxemia  produced  by  the  lack  of  the 
function  of  the  parathyroids. 
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EXPERIMENTS  ON  THE  UTILIZATION  OF  THE  CALCIUM 
OF  ALMONDS  BY  MAN. 

By  MARY  SWARTZ  ROSE  and  GRACE  MacLEOD. 

{From  the  Department  of  Nutrition,  Teachers  College,  Columbia  Universitij, 

New  York.) 

(Received  for  publication,  May  21,  1923.) 

That  there  is  little  difference  in  the  efficiency  with  which  the 
adult  human  subject  utilizes  the  calcium  of  carrots  compared 
with  that  of  milk  has  been  shown  by  one  of  the  authors  (1)  in 
a  previous  experiment.  Since  then  Sherman  and  Hawley  have 
found  that  in  the  case  of  young  children  the  calcium  of  vegetables 
is  not  as  readily  stored  as  the  calciimi  of  milk  (2) ,  but  Blatherwick 
and  Long  (3)  found  in  two  experiments  with  adult  women  on  a 
diet  in  which  about  half  the  ealciimi  came  from  an  assortment  of 
vegetables  that  there  was  considerable  storage  with  an  intake  of 
from  0.5  to  0.75  of  a  gm.  of  calcium  per  day. 

In  the  present  study  the  almond  was  used  as  the  main  source 
of  calciimi,  the  general  plan  of  the  experiment  being  similar  to 
that  on  the  utilization  of  calcium  in  the  carrot.  Three  new  studies 
on  the  comparative  utilization  of  calcium  in  milk  were  also  made. 
Twelve  health}^  5'oung  women  served  as  subjects.  The  diet 
taken  by  each  was  uniform  throughout  the  15  days  of  the  experi- 
ment. Urine  and  feces  were  analyzed  in  3  day  periods.  Calcium 
was  determined  by  McCrudden's  method.  The  almonds  were 
blanched,  air-dried,  finely  ground,  and  made  into  wafers  with 
white  of  egg.  These  when  baked  were  crisp  and  easily  eaten. 
One  attempt  was  made  to  use  almonds  from  which  a  considerable 
part  of  the  oil  had  been  expressed,  hoping  to  facilitate  the  diges- 
tion of  the  diet  by  decreasing  the  percentage  of  fat.  This, 
however,  proved  impractical. 

In  these,  as  in  the  earlier  experiments,  the  diet  was  planned 
to  yield  calcium  equivalent  to  the  estimated  minimal  require- 
ment of  each  subject  (0.0065  gm.  per  kilo  of  body  weight).     We 
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found,  however,  in  our  first  and  third  series  (Experiments  1,  2,  3, 
S,  and  9  in  Table  V)  that  our  actual  intake  was  lower  than 
the  original  estimate,  the  calcium  content  of  the  almonds  being 
only  a  little  more  than  half  the  amount  expected  (0.132  per  cent 
instead  of  0.239  per  cent).  In  the  second  series  (Exjieriments 
4  to  7)   we  anticipated  a  similar  comj^osition  of  our  almonds, 

TABLE  I. 

Daily  Food  Intake  in  Grams  per  Capita. 


Food  material. 


Almonds,  blanched 

Apples,  edible  por- 
tion   

Beef,  lean  round .  . 

Butter 

Crackers 

Egg  white 

Sugar 

Coffee 

Ca(HP04)2-H20... 

Almond  press-cake 

Bread,  white 

Milk,  whole 

Rice 

Tomato  juice 

G.       Washington 
coffee 


Experiment  No. 


104 

119 
74 
29 
73 
37 
75 


136 

159 
98 
39 
96 
49 

100 


136 

159 
98 
39 
96 
49 

100 


222 

954 
64 

24 
100 

1.3 
0.66 


202 

636 
128 

60 

150 

50 


202 

636 
64 
13 
48 

150 

1.3 


213 

736 
64 
13 
48 

200 
50 


318 
128 
26 
48 
50 
75 


175t 


318 
128 
26* 
48 
50 
75t 


175J 


10      n 


260 

125 

75 


110 

193 

80 

100 


250 

125 

50 


50 


175 

258 

90 

125 

25 


250 

100 

67 


150 

183 

75 

100 


*  Periods  I  to  II.  Reduced  to  13  gm.,  Periods  III  to  V. 
t  Periods  I  to  II.  Reduced  to  50  gm.,  Periods  III  to  V. 
X  Periods  I  to  II.     Changed  to  180  gm.  of  almonds.  Periods  III  to  V. 

although  the}^  were  a  different  lot,  but  found  the  calcium  yield 
ahnost  as  high  as  our  original  expectation  (0.223  per  cent).  In 
the  experiments  in  which  these  almonds  were  used,  the  total 
intake  was  consequently  higher  than  we  had  intended.  How- 
ever, intake  of  calcium  is  in  all  cases  within  the  range  of  normal 
human  requirement  as  reported  by  Sherman  (4). 

The  total  diet  in  the  almond  experiment  consisted  of  almonds, 
apples,  lean  beef,  butter,  crackers,  egg  white,  sugar,  and  in  two 
cases,  coffee.     The  proportion  of  the  total  calcium  derived  from 
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TABLE  II. 

Calcium  Content  of  Foods  Used  in  Diets. 


Food  material. 


Almonds,  blanched 

Almond  press-cake 
Apples 

Beef,  lean  round .  . 


Bread,  white 

Butter 

Calcium  phosphate 
(Ca(HP04)2H20) 

Coffee 


Experiment 
No. 

Period. 

Calcium. 

per  cent 

1-3 

I-V 

0.132 

4-7 

I 

0.221 

II-III 

0.223 

IV-V 

0.212 

8,9 

III-V 

0.138 

8,9 

I-II 

0.141 

1-7,11-12 

I-V 

0.005 

10 

I-V 

0.006 

8,9 

I-V 

0.004 

1-3 

I 

0.013 

II 

0.039 

III 

0.034 

IV 

0.013 

V 

0.021 

4-7,11-12 

I 

0.015 

II 

0.008 

III-IV 

0.011 

V 

0.007 

8-9 

I-II 

0.005 

III-V 

0.004 

10 

I-II 

0.018 

III-V 

0.014 

10 

I-V 

0.035 

11-12 

I-V 

0.028 

1-3 

I-V 

0.019 

6,7,11.12 

I-V 

0.016 

8,9 

I-V 

0.014 

10 

I-V 

0.020 

4 

I-V 

16.0 

4,6 

I-V 

0.298 
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TABLE  n-Cimdudcd. 


Food  material. 

Experiment 
No. 

Period. 

Calcium.  ■ 

Crackers. 

Uneedas 

1-3 

4-7 
8-9 

1-.3 
4-7 
8-9 

10 
11-12 

10 
11-12 

10 
11-12 

I-V 

I-V 

I-V 

I-V 
I-V 
I-V 

I-V 
I-V 

I-V 
I-V 

I-V 
I-V 

per  cent 

0  021 

Saltines 

0  023 

Uneedas 

0  025 

Ei^g  white 

0  010 

Milk 

0.012 
0.015 

0  118 

Hico 

0.115 
0  008 

Tomato  iuiee 

0.006 
0  003 

0.007 

almonds  ranged  from  73  to  86  per  cent,  and  is  stated  for  each 
subject  in  Table  V.  In  the  milk  experiments,  white  bread,  whole 
milk,  rice,  tomato  juice,  and  in  one  case  G,  Washington 
coffee  were  used  (the  same  diet  as  in  the  milk  experiments  pre- 
viously reported  (1)).  ]\Iilk  furnished  from  70  to  74  per  cent 
of  the  total  calcium.  Distilled  water  only  was  used  throughout 
these  experiments.  The  daily  food  intake  and  calcium  content 
of  the  foods  used  are  shown  in  Tables  I  and  IT. 

Digestibility  of  Ahnond  Diet. 

The  digestibility  of  the  amond  diet  was  investigated  separately, 
there  being  some  doubt  as  to  how  efficiently  a  diet  so  high  in  fat 
would  be  absorbed.  Five  young  women  served  as  subjects,  two 
of  whom  were  also  subjects  in  the  calcium  balance  experiment 
(H.  G.,  Experiment  6  and  J.  R.,  Experiment  7).  The  diet  in 
this  experiment  was  as  shown  in  Table  III. 

Qualitative  tests  for  carbohydrates  in  the  feces  indicated  that 
the  amount  was  small  if  any.  Our  experiences  with  rolled  oats 
led  us  to  believe  that  more  was  to  be  learned  about  the  fate  of 
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TABLE  III. 

Almond  Diet  Used  in  Digestion  Experiment. 


Weight 
of  food. 

Amounts  per  capita  per  day. 

Food. 

Nitrogen. 

Protein 

(NX  6.25). 

Fat. 

Total 
calories. 

Almonds,  blanched 

Apples,  edible  portion 

Beef,  lean  round 

gm. 

180 
318 
128 
50 
13 
48 
50 

gm. 

6.98 
0.20 
4.30 

0.02 
0.74 
0.94 

gm. 

43.63 
1.25 

26.88 

0.13 
4.63 

5.88 

gm. 
105.55 
"      1.59 
15.64 

11.05 
6.10 
0.10 

1 ,  165 
200 
261 

Sugar .... 

200 

Butter 

Crackers    (saltines) 

100 
207 

Escs  white 

25 

Total 

13.18 

82.40 

140.03 

2,158 

TABLE  IV. 
Average  Daily  Output  of  Protein  and  Fnt  in  Feces  in  Digestion  Experiment 

with  Almond  Diet. 


Subject. 

Nitrogen. 

Protein 

(NX  6.25). 

Fat. 

Coefficients 
of  digestibility. 

Protein. 

Fat. 

H.  G 

gm.. 

0.97 
1.18 
1.77 
2.47 
1.34 

6.04 

7.38 
11.04 
15.43 

8.38 

gm. 

11.65 
13.55 
12.83 
12.70 
11.50 

92.6 

91.1 
86.6 
81.2 
89.8, 

91.6 

M.  L 

90.3 

CM 

90.8 

F.  0 

90.9 

J.  R 

91.8 

Average 

1 .55 

9.65 

12.45 

88.3 

91.1 

TABLE  V. 

Average  Daily  Intake  and  Output  of  Calcium  on  Almond  Diet. 


Experi- 

Subject. 

Body 
weight. 

Ca  from 
almonds. 

Per  kilo  of  body  weight. 

ment  No. 

Intake. 

Output. 

Balance. 

kg. 

-per  cent 

mg. 

mg. 

mg. 

1 

B.H. 

45 

74 

4.1 

5.1 

-1.0 

2 

M.F. 

60 

73 

4.1 

5.6 

-1.5 

3 

M.K. 

60 

.     73 

4.1 

4.9 

-0.8 

4 

D.H. 

75.8 

73 

8.8 

7.7 

+  1.1 

5 

E.B. 

55 

85 

9.4 

9.4 

0.0 

6 

H.G. 

55 

86 

9.3 

11.6 

-2.3 

7 

J.R. 

58 

85 

9.4 

11.1 

-1.7 

8 

B.B 

52.7 

86 

5.5 

10.1 

-4.6 

9 

H.C. 

50.5 

86 

5.7 

7.1 

-1.4 
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the  almonds  (5)  from  a  study  of  protein  and  fat.  The  utilization 
of  these  foodstuffs  was  almost  as  high  as  for  oatmeal  mush  in  a 
simple  mixed  diet. 

Coefficients  of  Digestibility  of  Almond  and  Rolled  Oats  (Oatmeal  Mush)  Diets. 


Food. 

Protein. 

Fat. 

Almond . 

per  cent 

88.3 
89.9 

per  cent 

91.1 

Oatmeal 

91  8 

The  diet  was  taken  for  3  days,  the  feces  being  marked  off  by  car- 
mine; collected  feces  were  dried  daily  on  a  water  bath  after  being 
rubbed  to  a  paste  with  alcohol  slightly  acidified  with  hydrochloric 
acid,  combined,  and  ground  for  analysis.  The  results  are  shown 
in  Table  IV.     There  was  no  evidence,  therefore,  of  serious  loss 

TABLE  VI. 
Average  Daily  Intake  and  Output  of  Calcium  on  Milk  Diet. 


Experi- 
ment No. 

Subject. 

Body 
weight. 

Ca  from 
miik. 

Per  kilo  of  body  weight. 

Intake. 

Output. 

Balance. 

kg. 

per  cent 

mg. 

mg. 

mg. 

10 

B.B. 

54 

70 

6.0 

6.4 

-0.4 

11 

G.C. 

62.5 

74 

6.4 

6.3 

+0.1 

12 

CM. 

45 

71 

6.6 

7.4 

-0.8 

13* 

E.B. 

54 

70 

7.1 

6.0 

+  1.1 

14* 

R.E. 

56 

70 

6.8 

5.3 

+  1.5 

*  Previously  reported,  cf.  Rose  (1). 

of  calcivmi  in  feces  through  failure  of  digestion.  In  one  case  (B. 
B.,  Experiment  8)  we  felt  that  there  was  some  hkelihood  of  poor 
absorption,  her  output  of  calcimn  being  extremely  high.  That  her 
low  intake  was  in  part  the  cause  of  her  high  negative  balance  was 
shown  by  her  output  on  the  milk  diet  (Experiment  10),  in  which 
a  higher  intake  practically  resulted  in  equilibrimn. 

The  average  daily  balance  of  calcimn  in  nine  experiments  on 
the  almond  diet  is  shown  in  Table  V. 

To  allow  ample  time  for  adjustment  to  the  experimental  diet, 
the  figures  for  the  first  period  have  in  each  case  been  excluded 
from  the  averages.     With  two  exceptions   (H.  G.,  Experiment 
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6  and  B.  B.,  Experiment  8)  the  subjects  were  practically  in 
calcium  equilibrium.  One  of  these  (B.  B.)  has  alread}"  been 
referred  to.  In  the  other  case  the  digestion  experiment  (see 
Table  IV)  showed  even  better  utilization  than  the  average  of 
the  group,  so  that  this  is  clearly  a  case  of  inadequate  supply. 

TABLE  VII. 

Summary  of  Calcium  Balance  Experiments. 
Average  Daily  Intake,  Output,  and  Balance  per  Kilo  of  Body  Weight. 


Experiment  No. 


In-         Out- 
take,        put. 


Bal- 


Ratio  of  urinary  to  fecal  calcium. 


Period  I.     Almond  diet. 


1,2,3 

4,5,6,7 

8,9 


mg. 

mg. 

mg. 

4.1 

5.2 

-1.1 

9.2 

9.9 

-0.7 

5.6 

8.6 

-3.0 

1:8.8 
1:.34.6;  1:6.9;  1:35.5;  1:22.4 

1:8.9 


Period  II.     Milk  diet. 

10,11,12,13,14 

6.6 

6.3    +0.3                             1:3.4 

Period  III.     Carrot  diet. 

15, 16, 17 

IS 

5.7 
6.3 

5.4 
4.3 

+0.3 
+2.0 

1:3.4 
1:2.3 

Period  IV 

Vegetable  diet  (Blatherwick  and  ^ong). 

19 
20 

13.1       9.5 

8.7       7.8 

+3.6 
+0.9 

1:3.4  ' 
1:3.8 

The  utilization  of  calcium  on  all  the  milk  experiments  wjiich 
we  have  conducted  (three  new  ones  and  two  formerly  reported) 
are  shown  in  Table  VI.  In  these,  equilibrium  was  practically 
estabhshed  on  6  to  7  mg.  per  kilo  of  body  weight. 

We  are  now  able  to  compare  data  on  three  types  of  diet  of  our 
own  (milk,  almond,  and  carrot)  and  the  two  experiments  reported 
by  Blatherwick  and  Long  on  a  mixed  vegetable  diet.  These  are 
briefly  summarized  in  Table  VII.  The  protocols  of  the  present 
experiments  are  given  in  full  in  Table  VIII. 
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TABLE  VIII. 

Intake  and  Output  of  Calcium  in  3  Day  Periods. 


Experi- 
ment No. 


Subject. 


Period. 


Average 
_  daily 
intake. 


Average  daily  output. 


Urine. 


Feces. 


Total. 


Balance. 


Almond  diet. 


gm. 

gm. 

gm. 

gm. 

gm. 

1 

B.H. 

II* 

0.197 

0.037 

0.157 

0.194 

+0.003 

III 

0.195 

0.018 

0.143 

0.161 

+0.034 

IV 

0.177 

0.044 

0.286 

0.330 

-0.153 

V 

0.183 

0.010 

0.182 

0.192 

-0.009 

Average 

II-V 

0.188 

0.027 

0.192 

0.219 

-0.031 

2 

M.F. 

I 

0.233 

0.021 

0.144 

0.165 

+0.0d8 

II 

0.255 

0.028 

0.311 

0.339 

-0.084 

III 

0.253 

0.039 

0.275 

0.314 

-0.061 

IV 

0.233 

0.015 

0.246 

0.261 

-0.028 

V 

0.241 

0.063 

0.374 

0.437 

-0.196 

Average 

II-V 

0.246 

0.036 

0.302 

0.338 

-0.092 

3 

M.K. 

I 

0.233 

0.019 

0.406 

0.425 

-0.192 

II 

0.255 

0.036 

0.263 

0.299 

-0.044 

III 

0.253 

0.030 

0.268 

0.298 

-0.045 

IV 

0.233 

0.032 

0.311 

0.343 

-0.110 

V 

0.241 

0.019 

0.208 

0.227 

+0.014 

Average. 

II-V 

0.246 

0.029 

0.263 

0.292 

-0.046 

4 

D.H. 

I 

0.676 

0.020 

0.417 

0.437 

+0.239 

II 

0.676 

0.018 

0.482 

0.500 

+0.176 

III 

0.677 

0.017 

0.460 

0.477 

+0.200 

IV 

0.653 

0.017 

0.578 

0.595 

+0.058 

V 

0.650 

0.013 

0.739 

0.752 

-0.102 

Average . 

II-V 

0.664 

0.016 

0.565 

0.581 

+0  083 

5 

E.B. 

I 

0.529 

0.042 

0.570 

0.612 

-0.083 

II 

0.524 

0.061 

0.401 

0.462 

+0.062 

III 

0.527 

0.057 

0.541 

0.598 

-0.071 

IV 

0.505 

0.060 

0.4S0 

0.540 

-0.035 

V 

0.500 

0.084 

0.381 

0.465 

+0.035 

Average 

II-V 

0.514 

0.066 

0.451 

0.516 

-0.002 

*  No  analysis  made  for  Period  I. 
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TABLE  vni— Continued. 


Experi- 
ment'No. 


Subject. 


Period. 


Average 

daily 
intake. 


Average  daily  output. 


Urine. 


Feces. 


Total. 


Balance. 


Almond  diet — Continued. 


gm. 

(im. 

gm. 

gm. 

gm. 

6 

H.G. 

I 

0.523 

0.023 

0.451 

0.474 

+0.049 

II 

0.522 

0.017 

0.646 

0.063 

-0.141 

. 

III 

0.524 

0.011 

0.518 

0.529 

-0.005 

IV 

0.502 

0.013 

0.453 

0.466 

+0.036 

V 

0.499 

0.029 

0.866 

0.895 

-0.396 

Average . 

II-V 

0.512 

0.018 

0.621 

0.638 

-0.127 

7 

J.R. 

I 

0.554 

0.005 

0.581 

0.585 

-0.031 

II 

0.554 

0.034 

0.756 

0.791 

-0.237 

III 

0.555 

0.029 

0.571 

0.600 

-0.045 

IV 

0.532 

0.024 

0.655 

0.679 

-0.147 

V 

0.530 

0.022 

0.478 

0.500 

+0.029 

Average . 

II-V 

0.543 

0.027 

0.615 

0.643 

-0.100 

8 

B.B. 

II* 

0.2S9 

0.037 

0.535 

0.572 

-0.283 

III 

0.288 

0.044 

0.447 

0.491 

-0.203 

IV 

0.288 

0.056 

0.463 

0.519 

-0.231 

V 

0.2.S8 

0.043 

0.499 

0.542 

-0.254 

Average . 

II-V 

0.288 

0.045 

0.486 

0.531 

-0.243 

9 

H.C. 

II* 

0.289 

0.063 

0.305 

0.368 

-0.079 

III 

0.288 

0.053 

0.222 

0.275 

+0.013 

IV 

0.288 

0.014 

0.440 

0.454 

-0.166 

V 

0.288 

0.046 

0.284 

0.330 

-0.042 

Average 

II-V 

0.288 

0.044 

0.313 

0.357 

-0.069 

Milk  diet. 


10 

B.B. 

I 

0.328 

0.045 

0.356 

0.401 

-0.072 

II 

0.328 

0.056 

0.303 

0.359 

-0.031 

III 

0.323 

0.068 

0.259 

0.327 

-0.004 

IV 

0.323 

0.058 

0.297 

0.355 

-0.032 

V 

0.323 

0.070 

0.280 

0.350 

-0.027 

Average 

II-V 

0.324 

0.063 

0.285 

0.348 

-0.024 
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Utilization  of  Ca  of  Almonds 


TABLE  \Ul— Concluded. 


Experi- 
ment No. 


Subject. 


Period. 


Average 

daily 
intake. 


Average  daily  output. 


Urine. 


Feces. 


Total. 


Balance. 


Milk  diet — Continued. 


gm. 

gm. 

gm. 

gm. 

gm. 

11 

G.C. 

I 

0.407 

0.039 

0.362 

0.401 

+0.006 

II 

0.398 

0.041 

0.221 

0.263 

+0.135 

. 

III 

0.401 

0.034 

0.314 

0.348 

+0.053- 

IV 

0.401 

0.134 

0.302 

0.436 

-0.035 

V 

0.396 

0.101 

0.415 

0.516 

-0.120 

Average 

II-V 

0.399 

0.078 

0.313 

0.391 

+0.008 

12     . 

CM. 

I 

0.302 

0.078 

0.553 

0.631 

-0.329 

^ 

II 

0.295 

0.071 

0.247 

0.318 

-0.023 

. 

III 

0.298 

0.103 

0.2.35 

0.338 

-0.040 

. 

IV 

0.298 

0.072 

0.280 

0.352 

-0.054 

V 

0.294 

0.090 

0.240 

0.330 

-0.036 

Average. 

II-V 

0.296 

0.084 

0.251 

0.335 

-0  039 

CONCLUSIONS. 

In  experiments  on  adult  women  in  which  about  73  per  cent  of 
the  calcium  of  the  diet  was  derived  from  almonds,  there  was  a 
daih'  output  of  from  5  to  6  mg,  of  calcium  per  kilo  of  body  weight 
on  an  intake  of  4.1  mg.  per  kilo,  indicating  that  calcimn  equilib- 
riimi  could  be  secured  about  as  efficiently  as  when  milk  fm'nished 
approximately'  the  same  proportion  of  the  calcium  (70  per  cent) 
or  when  carrots  fm'nished  either  55  or  85  per  cent  of  the  total; 
namely  5  to  6  mg.  per  kilo. 

When  the  almonds  contributed  85  to  86  per  cent  of  the  calcium, 
the  amount  necessarj^  for  equilibrium  was  increased.  One  sub- 
ject was  in  equilibrimn  on  9.4  mg.  per  kilo,  and  another  had  a 
shortage  of  1.4  mg.  on  an  intake  of  7.1  mg.  per  kilo,  but  the  output 
of  three  other  cases  indicated  the  need  of  from  10  to  12  mg. 
Hence  it  would  seem  that  from  8  to  12  mg.  per  kilo  are  required 
when  almonds  furnish  all  but  14  to  15  per  cent  of  the  total  calciimi. 

These  returns  are  similar  to  those  of  Blatherwick  and  Long  on 
a  mixed  vegetable  diet  in  which-about  50  per-eent  of-the  earkium 
was  derived  from  vegetables  with  an  indication  of  equilibrimn  on 
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8  to  10  mg.  per  kilo.  It  seems  quite  likely  that  the  very  high  fat 
content  of  the  ''86  per  cent"  almond  diet  (140  gm.  per  capita) 
increased  the  loss  of  calciirai,  though  a  digestion  experiment  with 
five  subjects  showed  that  the  coefl&cients  of  digestibility  for  pro- 
tein and  fat  were  only  4  and  3  per  cent  less,  respectively,  than 
the  average  allowances  for  loss  on  an  ordinary  mixed  diet. 

No  light  seems  to  be  thrown  on  the  situation  bj^  examination 
of  the  ratio  between  urinary  and  fecal  calcium.  On  the  milk  and 
carrot  diets  they  are  narrow,  approximately  1  (urinar}')  to  3.4 
(fecal).  On  Blatherwick  and  Long's  mixed  vegetable  diet  they 
were  1:3.4  and  1:3.8.  On  the  almond  they  ranged  from  1:6.9 
to  1:34.6,  the  widest  ratio  occurring  in  the  case  where  there  was 
the  greatest  storage  of  calcium. 

On  the  whole  it  would  appear  that  almonds  contribute  efficiently 
to  the  calcimn  of  the  diet,  but  when  a  very  high  proportion  of 
the  calcium  comes  from  almonds  the  conditions  in  the  digestive 
tract  may  not  be  quite  so  favorable  for  economical  utilization 
as  when  carrots  or  milk  form  the  main  source  of  the  calcium. 
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ON  THE  PREPARATION  OF  DIACETONE  GLUCOSE. 

By  p.  a.  LEVENE  and  G.  M.  MEYER. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  July  9,  1923.) 

Diacetone  glucose  serves  as  starting  material  for  the  prepara- 
tion of  many  partial!}'  substituted  sugars.  The  details  of  its 
preparation  have  been  repeatedly  undergoing  modification. 
Originally,  ordinary  a-glucose  served  for  its  preparation.  The 
process,  however,  was  very  laborious  and  the  yield  was  rather 
small  for  the  reason  that  prior  to  condensing  with  acetone,  the 
sugar  was  converted  into  its  methylacetal,  as  the  a-glucose 
itself  was  supposed^  too  insoluble  to  react  with  acetone.  Fischer 
therefore  suggested  the  use  of  jS-glucose,  the  more  soluble  form  of 
this  sugar  for  condensation  with  acetone.  The  use  of  absolutely 
dry  and  alcohol-free  acetone  was  also  urged  for  the  preparation  of 
diacetone  glucose. 

Since  we  were  in  need  of  comparatively  large  quantities  of 
the  condensation  product,  we  resolved  to  make  a  new  attempt  to 
prepare  diacetone  glucose  from  the  a  isomer.  As  will  be  seen  from 
Table  I  diacetone  glucose  can  be  advantageously  prepared  from 
this  isomer.  It  is  true  that  the  yield  of  diacetone  glucose  per 
unit  weight  of  the  employed  sugar  is  at  a  maximum  when  the 
conditions  of  Fischer  are  observed;  namely,  when  i3-glucose  and 
pure  dry  acetone  are  employed  for  the  reaction.  If,  however, 
economy  of  time  is  considered,  then  per  unit  time,  more  product 
is  obtained  when  diacetone  is  made  from  the  common  form  of 
glucose  even  with  ordinary  commercial  acetone,  and  surely  when 
pure  and  dry  acetone  is  employed.  From  the  view  of  the  cost  of 
materials  per  unit  weight  of  the  diacetone  glucose  obtained  and 
from  the  view-point  of  purity  of  the  resulting  material,  no  one 
method  offers  anj-  advantage  over  the  other. 
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Preparation  of  Diacetone  Glucose 


In  the  oourso  of  preparation  of  diaeotonc  glucose,  there  always 
remains  a  residue.  Fischer  and  Riin(P  mentioned  this  fact  in 
describing  tlie  method  of  preparation  from  |S-glucose.  The}'  stated 
that  the  residue  consisted  of  the  a  isomer.  In  our  experience, 
however,  the  residue  consisted  of  the  original  form  used  for  con- 
densation.    This  is  important  to  bear  in  mind  when  one  is  inclined 

TABLE  I. 


Sugar  in  lOO  gm.  lots. 

Acetone. 

Residue. 

Diacetone 
yield. 

Average  yield. 

ym. 

ym. 

ym. 

iS-glucose. 

Anhydrous. 

42 
42 

56 
55 

55 

o-glucose. 

<( 

60 
62 

39 
34 

36 

/3-glucose. 

Ordinarj'. 

49 
56 

45 
39 

42 

a-glucose. 

iC 

73 

68 

26 
24 

25 

On  one  recrystallization  from  petroleum  ether  the  substances  by  every 
process  melted  at  110°C. 

to  use  the  ^  form  for  the  preparation  of  diacetone  glucose,  for  the 
reason  that  the  residue  can  be  reemployed. 


1  Fischer,  E.,  and  Rund,  C,  Ber.  chem.  Ges.,  1916,  xlix,  93. 


ON  MONOACETONE  BENZYLIDENE  GLUCOSE. 

By  p.  a.  LEVENE  and  G.  M.  MEYER. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  July  9,  1923.) 

In  a  previous  publication/  it  was  reported  that  two  different 
phosphoric  esters  of  gkicose  were  obtained  depending  upon  the 
sugar  derivative  used  for  condensation  with  phosphorus  oxj'chlo- 
ride.  In  the  substance  obtained  from  diacetone  ghicose,  the 
phosphoric  acid  radicle  seemed  to  be  attached  to  one  of  the  carbon 
atoms  other  than  1  and  6.  In  the  product  obtained  from  mono- 
acetone  monobenzylidene  glucose,  the  phosphoric  acid  radicle 
was  more  firmly  attached  to  the  sugar  molecule  and  from  this  it 
could  be  concluded  that  it  was  linked  to  carbon  atom  6.  Two 
alternative  explanations  could  be  given  to  this  observation.  Either 
diacetone  glucose  and  monoacetone  benzylidene  glucose  have  their 
free  hydroxyl  in  a  different  position,  or  in  monoacetone  benzyl- 
idene glucose,  the  hydroxyl  in  position  6  is  set  free  before  the 
benzaldehyde  radicle  is  completely  liberated  (possibly  the  benzal- 
dehyde  radicle  migrates  from  position  5  and  6  to  others).  The 
structure  of  diacetone  glucose  has  been  recently  explained  through 
the  work  of  Karrer  and  Hurwitz,-  Levene  and  Meyer,^  and 
Freudenberg  and  Brauns."*  It  was  then  necessary  to  correlate  the 
structure  of  monoacetone  benzylidene  glucose  with  that  of  diace- 
tone glucose.  This  was  accomplished.  It  was  found  that  the 
two  derivatives  gave  the  identical  monoacetone  benzoyl  glucose. 
Also,  the  same  monomethyl  glucose  was  obtained  from  diacetone 
glucose  and  from  monoacetone  benzylidene  glucose.  The  two 
samples  of  monomethyl  glucose  had  the  same  optical  rotations 
and  the  same  melting  points.     On  oxidation,  the   monomethyl 

1  Levene,  P.  A.,  and  Meyer,  G.  M.,  J.  Biol.  Chem.,  1922,  liii,  431. 
^  Karrer,  P.,  and  Hurwitz,  O.,  Helvetica  Chim.  Acta,  1921,  iv,  728. 
'  Levene,  P.  A.,  and  Meyer,  G.  M.,  /.  Biol.  Chem.,  1922,  liv,  805. 
*  Freudenberg,  K.,  and  Brauns,  F.,  Ber.  chem.  Ges.,  1922,  Iv,  3233. 

319 


320  ]\Ionoacetone  Benzylidene  Glucose 

glucose  from  monoacetone  benzylidene  glucose  gave  a  crystalline 
product  as  did  the  monomethj^l  glucose  prepared  from  diacetone 
glucose.  Unfortunately,  the  supply  of  monoacetone  benzylidene 
glucose  was  very  small.  The  substance  is  nnich  more  difficult  to 
prepare  than  diacetone  glucose  and  the  yield  of  methylsac- 
charicanhydride  was  too  small  for  analysis.  However,  the  melt- 
ing point  was  at  207°C.,  which  is  identical  with  that  of 
1 .4-anhydro-3-methylsaccharic  acid.  Thus,  the  evidence  ad- 
duced is  sufficient  to  assume  for  monoacetone  benzylidene  glucose 
a  structure  analogous  to  that  of  diacetone  glucose,  and  is  to  be 
regarded  as  l,2-acetone-5,6-benzylidene  glucose. 

EXPERIMENTAL. 

Monoacetone  Benzylidene  Glucose. — 'The  method  for  preparing 
this  substance  as  previously  described  by  us  Was  slightly  modified. 

50  gm.  of  monoacetone  glucose  were  heated  with  300  cc.  of 
freshly  distilled  benzaldehyde  and  100  gm.  of  anhydrous  sodium 
sulfate  in  an  oil  bath  at  170°  for  5  hours.  The  reaction  product 
was  filtered  from  the  sodium  sulfate  while  still  hot  and  concen- 
trated under  diminished  pressure  at  130°C.  (oil  bath  temperature). 
The  product  was  cooled  and  poured  into  1,000  cc.  of  cold  petro- 
leum ether,  30-60°.  A  sticky  mass  which  solidified  on  stirring, 
settled  out.  This  brownish  mass  was  washed  several  times  with 
cold  petrolevmi  ether  and  subsequently  with  a  small  quantity  of 
ether,  and  then  filtered.  A  practicall}^  colorless  substance  was 
obtained.  It  was  recrystallized  several  times  from  95  per  cent 
alcohol  and  decolorized  with  norit.  The  petroleum  ether  solu- 
tions were  concentrated  and  an  additional  jdeld  of  crude  material 
was  obtained  in  this  manner.  It  was  recrystallized  from  95 
per  cent  alcohol.  The  pure  substance  melted  at  144°  and  analyzed 
as  follows: 

0.1052  gm.  substance :  0.2408  gm.  CO2  and  0.0G18  gm.  HoO. 
C16H20O6.    Calculated.    C  62.30,  H  6.54. 
Found.  "  62.42,  "  6.58. 

Methyl  Benzylidene  Glucose  and  Its  Hydrolysis  to  Methyl  Glu- 
cose.— 15  gm.  of  monoacetone  benzylidene  glucose  were 
meth3'lated  with  an  excess  of  dimethyl  sulfate  and  30  per  cent 
sodium  hydroxide  at  70°  (water  bath  temperature) .     The  reaction 
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product  was  extracted  with  chloroform  and  dried  with  anhydrous 
sodium  sulfate.  The  chloroform  was  removed  under  diminished 
pressure.     The  syrup  which  remained  was  hydrolj'zed. 

For  this  purpose,  it  was  dissolved  in  75  cc.  of  50  per  cent  alcohol, 
containing  0.4  per  cent  of  hydrochloric  acid,  and  heated  in  boiling 
water  with  reflux  for  70  minutes.  The  solution  was  cooled  and 
the  hydrochloric  acid  removed  with  silver  carbonate.  The  solu- 
tion was  then  treated  with  hydrogen  sulfide,  filtered,  decolorized 
with  norit,  and  concentrated  to  a  syrup  under  diminished  pressure. 
The  residue  was  taken  up  in  absolute  alcohol  and  again  evaporated 
to  drvness  in  order  to  remove  traces  of  water.  This  operation  was 
repeated  several  times.  The  syrup  was  then  taken  up  in  warm 
methyl  alcohol  and  allowed  to  stand  in  a  desiccator  over  sulfuric 
acid.  On  standing,  crystals  of  methyl  glucose  separated.  These 
had  the  following  optical  rotations  in  water. 

Initial.  Final. 

.   ,:o       +  1.03°  X  100         .    ..,.0  r    r"        +  0.57°  X  100       _^ 

Mu  =       1X1       =  +  ^^^        t"]-  =  oo =  "' 

The  substance  melted  at  ]56-157°C. 

Oxidation  of  Methyl  Glucose. — 0.450  gm.  of  the  sugar  was  dis- 
solved in  25  cc.  of  50  per  cent  nitric  acid,  allowed  to  stand  at 
room  temperature  for  42  hours,  and  then  evaporated  in  a  clock 
glass  on  a  boiling  water  bath,  as  described  in  a  previous  pub- 
lication.^ The  residue  was  taken  up  in  a  mixture  of  ether  and 
acetone.  The  solution  was  filtered  and  allowed  to  evaporate 
spontaneously.  A  small  crystalline  deposit  formed.  It  was 
filtered  and  washed  with  a  mixture  of  acetone  and  ether.  The 
crystals  darkened  at  190°  and  melted  at  207°C. 

Monoacetone  Benzoyl  Glucose. — 15  gm.  of  monoacetone  benzj-li- 
dene  glucose  were  added  to  a  solution  of  15  cc.  of  pyridine  and 
7.5  of  benzojd  chloride.  The  temperature  rose  slightly  and  all 
the  sugar  dissolved.  No  pyridine  hydrochloride  separated  and 
the  solution  was  kept  at  45°  for  24  hours.  The  product  was  then 
dissolved  in  chloroform  and  washed  with  very  dilute  sulfuric  acid, 
dilute  sodium  bicarbonate,  and  water.  The  chloroform  solution 
was  dried  with  anhydrous  sodium  sulfate  and  concentrated  under 
diminished  pressure  to  a  very  small  volume  and  poured  into  an 
excess  of  petroleum  ether.     A  crystalline  product  was  obtained 
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which  Nv^s  rccrystaUized  from  methyl  alcohol.  This  melted  at 
ts'  wLd  with  monoacetone  benzoyl  glucose  obtamed  from 
diacetone  glucose,  it  melted  at  the  same  temperature.  The  sub- 
stance  analyzed  as  follows: 

0.103S  gm.  sub.t..nce:  0.2202  gm.  CO,  a.d  9.0^  gm.  H^. 
C..H„0,.    Calculated.    C  50..3,  H  6.-.. 


ON  EPICHITOSAMINE  PENTACETATE. 

By  p.  a.  LEVENE. 

(From  (he  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  July  9,  1923.) 

The  configuration  of  carbon  atom  2  in  nitrogenous  sugars  and 
their  corresponding  sugar  acids  remains  a  matter  of  speculation.  In 
a  previous  pubhcation^  some  analogies  between  chitosaminic  and 
mannonic  acids  and  between  chondrosaminic  and  talonic  acids 
were  pointed  out.  Thus,  on  the  basis  of  these  analogies,  one 
could  surmise  that  chitosamine  had  the  configuration  of  2-amino- 
mannose  and  chondrosamine  that  of  2-aminotalose.  Very  recently 
however,  Irvine  and  Earl-  have  pointed  out  that  the  difference 
between  the  molecular  rotations  of  the  a  and  /3  isomers  of  gluco- 
samine was  identical  with  the  difference  between  the  glucoses 
and  therefore  concluded  that  chitosamine  had  the  configuration  of 
glucosamine.  It  cannot  be  denied  that  the  argument  of  Irvine 
and  Earl  may  be  correct.  The  possibility  that  chitosamine  may 
have  the  configuration  of  2-aminoglucose  was  never  denied.  The 
theory,  however,  is  in  need  of  further  proof.  The  properties  of 
glucose  and  of  chitosamine  which  Irvine  compares,  are  those 
associated  with  the  properties  of  carbon  atom  1.  In  glucose 
and  in  chitosamine,  carbon  atom  1  functions  regularly;  in  mannose, 
it  functions  irregularly.  To  this  argument  of  Irvine  and  Earl  may 
be  added  the  fact  that  carbon  atom  1  in  epichitosamine  hydro- 
chloride, similarly  to  mannose,  functions  irregularly.  Thus,  on 
the  basis  of  the  conduct  of  carbon  atom  1,  one  might  be  justified 
in  grouping  chitosamine  with  glucose  and  epichitosamine  with 
mannose.  However,  it  is  not  excluded  that  in  the  nitrogenous 
sugars  carbon  atom  1  functions  differently  than  in  ordinary  sugars. 

'  Levene,  P.  A.,  Hexosamines,  their  derivatives,  and  mucins  and  mucoids. 
Monograph  of  The  Rockefeller  Institute  for  Medical  Research,  No.  18,  New 
York,  1922. 

2  Irvine,  J.  C,  and  Earl,  J.  C,  J.  Chem.  Soc,  1922,  cxxi,  2376. 
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Levenc  and  jMeyer''  have  already  described  a  ])eculiar  behavior 
of  this  carbon  atom  in  the  epigkicosamine  of  Fischer,  Bergmann, 
and  Sehotte.  In  tlie  present  pajier.  we  wish  to  point  out  another 
unusual  peculiarity.  Both  in  a  sugar  and  in  a  sugar  acid,  the 
direction  of  the  rotation  of  carbon  atom  2  may  be  determined 
•either  from  the  rotations  of  a  pair  of  epimeric  monocarboxylic 
sugar  acids,  or  from  the  rotations  of  the  a.  and  ^  forms  of  the 
epimeric  sugars.  Taking  glucose  and  mannose,  it  is  possible  to 
determine^  th(^  rotation  of  carbon  atom  2  from  the  rotations  of  the 
salts,  amides,  or  pheuA-lhydrazides  of  gluconic  and  mannonic  acids. 
It  is  also  possible  to  determine  it  from  the  values  of  the  rotations  of 
the  a  and  /3  forms  of  glucose  and  mannose.  Designating  in  each 
sugar  the  group  of  carbon  atom  1  by  .1,  that  of  carbon  atom  2  by 
B  and  the  remaining  part  of  the  molecule  b\-  C,  one  may  represent 
the  molecular  rotation  of  glucose  by  the  equation  A-\-B-\-C  =  m 
and  that  of  mannose  bj-  Ai  —  B-\-C  =  n.  ^^^len  the  molecular 
rotations  of  the  sugars  and  of  the  carbon  atoms  1  are  known,  the 
directions  and  the  values  of  B  can  be  readily  determined  from  the 
equations,  {A+B+C)-{A,-B+C)  =  m-n  and  {A+B+C) 
+  {A—B-\-C)  =  m-\-n.  In  the  system  glucose  and  mannose 
either  one  of  the  two  methods  gives  the  direction  to  the  right  for 
carbon  atom  2  of  glucose  and  to  the  left  for  carbon  atom  2  of 
mannose.  The  same  result  is  obtained  when  instead  of  glucose 
and  mannose,  the  pentacetates  are  used  for  calculation. 

In  the  system  chitosamine  and  epichitosamine  one  encounters  a 
deviation  from  the  rule.  From  the  system  chitosaminic  and 
epichitosaminic  acids  carbon  atom  2  is  found  to  rotate  to  the  left 
in  chitosaminic  and  to  the  right  in  epichitosaminic  acid.  When 
the  direction  of  the  rotation  of  carbon  atom  2  is  determined  from 
the  values  of  the  molecular  rotations  of  chitosamine  and  epi- 
chitosamine, it  is  found  that  carbon  atom  2  rotates  to  the  left  inepi- 
chitosamine  and  to  the  right  in  chitosamine.  It  is  hardly  probable 
that  in  the  process  of  oxidation  of  a  sugar  to  the  corresponding 
monocarboxylic  acid,  the  configuration  of  carbon  atom  2  under- 
goes a  change.  Since  a  sugar  and  its  monocarboxylic  acid  differ 
only  b}^  the  character  of  carbon  atom  1,  it  is  more  logical  to  assume 
that  the  differences  in  the  direction  of  the  rotations  of  the  two 

3  Levene,  P.  A.,  and  Meyer,  G.  :\I.,  J.  Biol.  Chem.,  1923,  Iv,  221. 
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carbon  atoms  2  are  brought  about  by  differences  in  the  structure  of 
the  carbon  atoms  1.  The  condition  is  somewhat  analogous  to 
that  of  ?-aspartic  acid  and  its  ester.  The  acid  rotates  to  the  right, 
whereas  the  ester  rotates  to  the  left.  Thus,  the  task  of  settling 
the  problem  of  allocation  of  the  amino  group  in  nitrogenous  sugars 
is  becoming  rather  more  complicated  than  simplified.  One  is 
tempted  to  accept  for  chitosamine  the  configuration  of  2-amino- 
glucose  and  for  epichitosamine  that  of  2-aminomannose,  inasmuch 
as  the  a  and  /3  isomers  of  chitosamine  and  glucose  behave  normally, 
and  the  corresponding  forms  of  epichitosamine  and  mannose  have 
an  abnormal  behavior.  However,  if  this  conclusion  were  accepted 
the  case  of  epichitose  would  be  puzzling.  Epichitose,  which  has  the 
structure  of  2,5-anh3'droglucose,  resembles  epichitosamine  in  regard 
to  the  function  of  its  carbon  atom  1.  Both  these  sugars  show  no 
mutarotation  and  both  possess  levo-rotation.  Thus,  if  one  takes 
glucose  for  a  standard  of  comparison,  one  may  arrive  with  Irvine 
and  Earl  at  the  conclusion  that  chitosamine  has  the  structure  of 
2-amino-glucose.  On  the  other  hand,  taking  2,5-anhydroglucose 
as  the  standard,  the  conclusion  ma^^  be  reached  that  epichitos- 
amine has  the  structure  of  2-aminoglucose. 

In  the  present  communication,  data  are  given  for  the  deter- 
mination of  the  direction  of  the  rotation  of  carbon  atom  2  in  chito- 
samine and  in  epichitosamine.  Chitosamine  M'drochloride  was 
fractionated  bj^  Irvine  and  Earl  into  the  a  and  /3  isomers.  Epi- 
chitosamine showed  no  mutarotation,  and  its  specific  rotation  was 
very  low.  Because  of  these  properties,  it  was  uncertain  whether 
epichitosamine  had  the  glucosidic  or  the  ordinary  aldehydic 
structure.  On  the  other  hand,  since  the  substance  was  levo- 
rotatory,  it  was  thought  that  it  might  consist  primarily  of  the 
|8  form,  if  it  had  the  glucosidic  structure.  In  view  of  the  scarcity 
of  the  material,  it  was  thought  advantageous  to  prepare  the 
pentacetate. 

Regarding  the  pentacetates,  experience  has  shown  that  in  the 
d  series,  the  /3  isomers  are  transformed  into  the  a  forms  to  the 
extent  of  not  less  than  90  per  cent  b}^  heating  in  acetic  anhydride, 
containing  zinc  chloride.  In  the  I  series,  the  reaction  is  reversed. 
^-Epichitosamine  pentacetate  was  prepared  and  was  found  to  have 
a  molecular  rotation  of  —3,890°  in  acetic  anhydride.  This  form 
IS  to  be  regarded  as  the  /S  isomer.     The  a  form  had  a  molecular 
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rotation  of  not  less  than  +19,450°.     Hence,  the  difference  of  the 
rotations  of  the  two  isomers  was  not  less  than  +24,400°. 

From  the  equation  [A+  (±  J5)  +  C]  -  [Ai+  (=f  B)  +C]  = 
m  —  n  (substituting  for  A  its  value  +17,965,  for  Ai  the  value 
-12,643,  for  m  its  value  36,400,  and  for  n  the  value  -  3,890) 
it  follows  that  B  =  ±  4,841 ;  from  the  sum  of  factors  of  the  same 
equation  C  =  +  13,594.  Substituting  these  values,  respectively, 
in  equation  A  +  (±  fi)  +C  =  36,400  and  in  equation  Ax  + 
i^B)  +C  =  —3,890,  a  positive  value  is  obtained  for  B  (carbon 
atom  2)  of  chitosamine  and  a  negative  value  for  epichitosamine. 

EXPERIMENTAL    PART. 

Several  lots  of  epichitosamine  hydrochloride,  each  of  5.0  gm., 
were  taken  up  in  27.0  cc.  of  acetic  anhydride  and  27.0  cc.  of  pyri- 
dine and  allowed  to  stand  24  hours  at  37°C.  and  24  hours  at  room 
temperature.  The  reaction  product  was  transferred  into  a  mix- 
ture of  ice  and  water  and  the  pentacetate  shaken  out  with  chloro- 
form. The  chloroform  solution  was  washed  with  water,  dilute 
mineral  acid,  then  with  a  cold  solution  of  sodium  bicarbonate 
acid,  and  finally  with  water.  The  chloroform  solution  was  dried 
•over  anhydrous  sodium  suKate  and  concentrated  to  dryness. 
The  residue  was  dissolved  in  alcohol  and  evaporated  to  drj-ness. 
This  operation  was  repeated  several  times.  The  final  residue  was 
crystallized  from  alcohol.  For  analysis,  it  was  recrystallized  from 
alcohol.  The  long  white  needles  melted  at  158-159°C.  (corrected) 
and  analyzed  as  follows: 

0.1989  gm.  substance:  (Kjeldahl)  5.25  cc.  0.1  n  acid. 
0.1068  "  "        :  0.1934  gm.  CO2  and  0.0600  gm.  H.O. 

CcH8N05(CH2CO)6.     Calculated.     C  49.49,  H  5.96,  N  3.60. 
Found.  "  49.38,   "  6.28,   "  3.69. 

The  rotation  of  the  substance  in  chloroform  was: 
,  ,co      -  0.54°  X  100 


1  X3 


=  -  18= 


Conversion  of  the  |3  into  the  a  Isomer. — A  3  per  cent  solution  of 
the  pentacetate  in  acetic  anhydride,  containing  1  per  cent  of  zinc 
chloride,  was  kept  in  a  thermostat  at  40°C.  and  the  rotation  of  the 
solution  measured  at  intervals.     The  initial  rotation  was  —0.30° 
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m  a  100  mm.  tube.  The  solution  reached  an  equihbrium  after 
120  hours  and  then  had  a  rotation  of  +1.45°.  In  a  second  experi- 
ment, a  3  per  cent  solution  of  the  substance  was  made  in  acetic 
anhydride,  containing  3  per  cent  of  zinc  chloride,  and  the  solution 
was  refluxed  on  a  boiling  water  bath.  The  initial  rotation  was- 
+  0.30J  in  a  100  mm.  tube,  and  after  20  minutes  the  rotation  was- 
+  1.50°.  It  was  not  possible  to  make  further  readings  as  the 
solution  darkened. 
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Mannose  has  been  prepared  only  in  the  form  of  its  ^  isomer  with 
a  specific  rotation  of  —17°.  The  specific  rotation  of  the  a.  form 
was  obtained  indirectly  by  Hudson  and  Yanovsky^  and  was  found 
to  be  +34  or  +35°.  The  difference  of  the  specific  rotations 
was,  therefore,  +52°,  whereas  in  the  case  of  the  two  glucoses, 
it  is  +94°.  The  value  for  the  two  mannoses  is  exceptional.  A 
value  of  the  same  magnitude  was  observed  in  the  case  of  only  two 
other  sugars;  namely,  lyxose  and  rhamnose.  Mannose  occupies 
an  exceptional  position  in  other  respects.  The  ratio  of  the  initial 
and  final  solubilities  of  |3-mannose  in  80  per  cent  ethyl  alcohol  and 
in  methyl  alcohol  is  1 :5  and  1 :5.6,  respectively,  and  in  that  of  the 
glucoses  and  of  the  galactoses,  it  is  approximately  1:2.  Also, 
it  is  peculiar  that  the  difference  of  the  specific  rotations  of  two 
mannoses  is  equal  to  only  55  per  cent  of  that  of  the  two  glucoses, 
whereas  in  the  case  of  the  pentacetates,  the  value  of  the  difference 
is  80  per  cent  of  that  of  the  glucoses.  In  fact,  the  difference  of 
the  molecular  rotations  of  the  pentacetates  of  the  mannoses 
(31,000)  is  very  near  to  that  of  the  galactoses  (32,700).  Because 
of  the  abnormal  behavior  of  mannose  and  because  this  behavior 
has  been  made  the  basis  of  a  theory  of  the  structure  of  chitosa- 
mine,2  it  seemed  desirable  to  prepare  the  unknown  isomer  of 
mannose.     This  has  now  been  accomplished. 

In  the  process  of  its  preparation,  another  abnormality  of  mannose 
came  to  light.  Under  conditions  when  glucose  and  galactose 
appear  in  the  ^  form,  mannose  crystallizes  in  the  a  form  and 
vice  versa.     For  glucose  there  exist  two  convenient  methods  for 

^  Hudson,  C.  S.,  and  Yanovsky,  E.,  J.  Am.  Chem.  Soc.,  1917,  xxxix,  1013. 
'^  Irvine,  J.  C,  and  Earl,  J.  C,  /.  Chem.  Soc,  1922,  cxxi,  2376. 
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the  iircparalion  of  the  0  isomer.  The  one  is  that  of  Behrcnd,' 
which  consists  in  ciystalHzing  gkicosc  from  a  pyridine  sohition, 
the  other  is  that  of  Hudson  and  Dale/  and  consists  in  crystaUizing 
ghicose  from  glacial  acetic  acid  and  alcohol  at  a  low  temperature 
(about  0°C.)  A  third  much  sim]iler  and  more  economical  method 
was  discovered  in  the  course  of  this  work;  namely,  crystallization 
from  aqueous  ammonia  and  alcohol.  Both  glucose  and  galactose 
crystallize  under  this  simple  condition  in  the  ^  form.  Under  all 
these  three  conditions,  mannose  crystallizes  in  the  a  form.  This 
observation  suggested  the  possibility  that  the  configuration  of  the 
carbon  atom  1  in  jS-glucose  was  the  same  as  in  a-mannose;  namely, 
that  the  hydroxyl  in  both  was  to  the  righ.t.  Against  such  an 
assumption  militates  the  behavior  of  their  pentacetates.  It  is 
known  that  pentacetates  of  sugars  may  be  transformed  into  the 
isomeric  form  by  warming  them  in  a  solution  of  acetic  anhydride 
containing  zinc  chloride.  A  scrutiny  of  all  the  known  instances 
of  transformation  of  pentacetates  reveals  the  fact  that  in  the  d 
series,  the  (5  isomers  are  transformed  into  the  a  isomers,  to  the 
extent  of  over  90  per  cent,  whereas  the  transformation  of  the  a 
form  is  minimal.  In  other  words,  in  a  solution  of  acetic  anh.ydride 
and  zinc  chloride,  the  equilibrium  mixture  consists  almost  entirely 
of  the  a  isomer.  In  the  I  series,  the  equilibrium  is  reversed.  In 
this  respect,  the  conduct  of  mannose  conforms  to  all  other  known 
sugars.  Hence,  one  may  assume  that  the  position  of  the  hydroxyl 
on  the  carbon  atom  1  in  a-  and  /3-mannose  is  the  same  as  in  the 
corresponding  form  of  other  simple  sugars. 

The  specific  rotation  for  a-mannose  was  found  +  30°  in  water 
and  +35°  in  80  per  cent  alcohol.  This  value  is  in  complete 
agreement  with  the  value  calculated  by  Hudson  and  Yanovsky. 
Furthermore,  the  possession  of  the  two  forms  permitted  the  estab- 
lishment of  the  fact  that  the  form  with  the  specific  rotation  of  — 17° 
was  free  from  the  a  form,  and  the  mannose  with  a  specific 
rotation  +35°  was  free  from  the  /3  form.  This  conclusion  was 
reached  on  the  comparison  of  the  solubilities  of  the  a  and  /S  isomers 
separately  and  of  a  mixture  of  the  two  isomers.  The  solubility 
of  the  mixture  was  equal  to  the  sum  of  the  solubilities  of  each  of  the 
isomers    separately.     Furthermore,    from    the    initial    and    final 

2  Behrend,  R.,  Ann.  Chem.,  1907,  cccliii,  106. 

*  Hudson,  C.  S.,  and  Dale,  J.  K.,  J.  Am.  Chem.  Soc,  1915,  xxxvii,  1264. 
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solubilities  of  the  a  isomer,  the  specific  rotation  of  the  /3  form  is 
calculated  —16.5°.  Hudson  and  Yanovsky  find  for  the  same 
form  in  80  per  cent  alcohol  —14.9°.  The  rotation  of  our  pure 
a  form  was  slightly  higher.  The  differences  are,  however,  within 
the  limits  of  possible  error.  The  evidence  thus  far  adduced  sup- 
ports the  view  that  the  mannose  with  the  specific  rotation  of  +35° 
is  the  pure  a  isomer.  However,  mannose  with  the  specific  rotation 
of  +35°  may  still  contain  a  third  isomer  and  yet  on  the  basis  of 
its  initial  and  final  solubility,  it  may  give  the  correct  value  for 
the  specific  rotation  of  the  /S  isomer  and  also  give  a  combined 
solubility  of  the  two  forms  as  if  they  were  pure  a  and  /3  isomers. 
A  sufficient  proof  of  the  purity  of  each  form  should  be  based  on 
the  following  considerations.  It  was  shown  independently  by 
Hudson"  and  by  Lowry"  that  mutarotation  is  a  balanced  reaction 
which  follows  the  monomolecular  form  of  the  mass  law  and  can 
be  expressed  by  the  equation 

r     —  r 
ki  +  k,  =  log -" 


Furthermore,  that  the  rate  of  transformation  of  each  form  into 
the  other  can  be  measured  from  the  rate  of  their  maximum  solu- 
bilities by  the  enuation  ki  (when  the  a  form  is  considered)  or  k2 

S^  -  So 
(when  the  /3  form  is  under  consideration)  =  log  —  ~    (S  stands 

for  solubility).  On  the  basis  of  these  equations,  it  is  possible, 
on  the  one  hand,  to  determine  the  sum  of  ki  +  fco  (from  the 
mutarotation  of  either  one  of  the  two  isomers)  and  on  the 
other  hand,  independently  /.;i  and  ko  (from  the  rate  of  solubilities 
of  each).  Hence,  the  sum  of  ki  and  k-y  obtained  independently 
should  be  equal  to  ky  +  ko  obtained  on  the  basis  of  mutarota- 
tion. It  was  intended  to  apply  this  test  for  the  purpose  of 
establishing  the  purity  of  the  mannose  with  the  specific 
rotation  of  +  35°  (in  80  per  cent  alcohol).  It  was  surprising, 
however,  to  find  that  the  value  of  (ki  +  ko)  measured  on  the  a 
form  differed  from  that  measured  on  the  ^  form.  The  measure- 
ments were  made  in  80  per  cent  alcohol  at  several  temperatures. 
In  order  to  control  the  accuracy  of  our  measurements,  the  muta- 

'  Hudson,  C.  S.,  /.  Am.  Chem.  Soc,  1904,  xxvi,  1065. 
*  Lowry,  T.  M.,  J.  Chem.  Soc,  1904,  Ixxxv,  1551. 
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rotations  of  «-  and  i3-glucoses  in  solutions  of  00  and  80  i)er  cent 
ethyl  alcohol  were  measured  and  found  identical  within  the  limits 
of  error.  Taking  as  a  standard  of  comparison  the  coefficient  at 
12.5°C.  it  was  of  the  order  of  magnitude  of  0.00150  for  the  /3  form 
(recalculated  for  20°C.  it  is  0.00333;  this  is  in  close  agreement  with 
the  value  of  0.00363  found  by  Hudson  and  Yanovsky),  whereas  the 
isomer  gave  the  value  for  h  +  h  =  0.00240  (recalculated  for  20°C. 
=  0.00533).  One  must  add,  however,  that  the  entire  range  of 
change  of  the  a  form  from  the  initial  to  final  is  rather  small,  so 
that  only  few  measurements  can  be  relied  upon  for  calculating  the 
velocity  coefficient.  However,  since  the  difference  between  the 
two  coefficients  was  constant,  it  may  be  regarded  as  real.  It  is 
important  to  compare  their  velocity  coefficients  in  water.  These, 
however,  can  be  measured  only  at  lower  temperatures  inasmuch 
as  the  a-mannose  solution  reaches  equilibrium  very  rapidly.  In 
view  of  the  atmospheric  humidity  during  the  spring  and  summer 
months,  this  experiment  has  to  be  postponed  until  the  winter. 
For  the  present,  therefore,  the  possibility  is  not  excluded  that  the 
mannose  with  a  specific  rotation  of  +35°  (in  a  solution  of  80  per 
cent  alcohol)  contains  in  addition  to  the  a  form  still  a  third  form. 
This  assumption  may  explain  the  fact  that  in  the  equilibrium 
mixture  in  80  per  cent  alcohol  and  in  methyl  alcohol,  the  (8  form 
of  mannose  comprises  only  18  per  cent  of  the  total,  whereas  in 
the  cases  of  glucose  and  galactose,  it  comprises  practically  50 
per  cent.  It  would  also  explain  the  fact  that  the  value  of  the 
difference  of  the  molecular  rotations  of  the  a-  and  /3-mannoses  is 
only  40  per  cent  of  the  normal  value,  whereas  in  the  case  of 
pentacetates,  the  value  is  80  per  cent  of  the  normal. 

SUMMARY. 

1.  A  form  of  mannose  was  prepared  which  had  a  specific 
rotation  of  +30°  in  water  and  +35°  in  80  per  cent  alcohol. 

2.  This  form  has  the  specific  rotation  calculated  for  a-mannose. 

3.  The  conditions  which  lead  to  the  formation  of  a-mannose 
are  the  same  which  lead  to  the  formation  of  |3-glucose  and 
/3-galactose. 

4.  The  configuration  of  the  carbon  atom  1  in  the  a  and  ^ 
isomers,  respectively,  in  glucose,  galactose,  and  mannose  is 
identical. 
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5.  It  is  possible  that  the  mannose  with  the  specific  rotation  of 
+35°  contains  besides  the  a  isomer  still  a  third  form. 

6.  A  convenient  and  economical  method  is  given  for  the  prep- 
aration of  j3-glucose  and  of  /3-galactose. 

EXPERIMENTAL    PART. 

Pre/paralion  of  a-Mannose  by  the  Pyridine  Process. — 25.0  gm. 
of  a-mannose  ([ajn  =  — 12°)  were  heated  with  30  cc.  of  pyridine 
until  solution  was  completed.  To  the  pja'idine  solution  250  cc. 
of  98.5  per  cent  ethyl  alcohol  were  added  and  the  solution  was 
allowed  to  stand  at  room  temperature  for  about  3  hours.  The 
solution  turned  into  a  solid  mass.  The  first  j'ield  of  a-mannose 
was  about  60  per  cent.  The  mother  liquors  were  generally  con- 
centrated under  diminished  pressure  and  taken  up  again  in  hot 
pyridine.  To  the  solution  98.5  per  cent  alcohol  was  added.  On 
repeating  the  operation,  «-mannose  can  be  converted  into  the 
a  isomer  practically  without  loss.  The  rotation  of  the  sample 
reported  in  this  experiment  in  aqueous  solution  was 

.  .CO      +  0.90°  X  100       ,  „.o 
f"!-^  =  1X3        =  +  ^° 

In  some  experiments,   the  material  had  a  specific  rotation   of 

[ar:  =  +28°. 

Preparation  of  a-Mannose  by  Glacial  Acetic  Acid  Process. — - 
50.0  gm.  of  o;-mannose  ([q:]d  =  —11°)  were  dissolved  in  20  cc. 
of  hot  water  and  the  solution  was  cooled  to  0°C.  100  cc.  of  cold 
glacial  acetic  acid  (cooled  until  it  began  to  crystallize)  were 
added  to  the  solution.  On  standing,  the  solution  turned  into  a 
solid  mass.     The  yield  was  25.0  gm.  and  the  specific  rotation  was 

[„,-•  =  ±o|^xioo  ^  ^  ,g. 

Also  in  these  experiments,  the  mannose  remaining  in  the  mother 
liquors  was  easily  recovered. 

Preparation  of  a-Mannose  by  the  Ammonia  Process. — -10  gm. 
of  /3-mannose  were  dissolved  in  5  cc.  of  concentrated  aqueous 
ammonia.  To  the  solution,  100  cc.  of  absolute  alcohol  and  then 
ether  were  added  as  long  as  an  oil  continued  to  settle  out.  The  oil 
was  taken  up  in  small  portions  of  dry  method  alcohol  until  it 
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crystallized.     The    dry    substance    had    the    following    specific 
rotation. 

r   ,.0       +0.72°X  100 


1  X  3 


=  +  24° 


Also,  in  this  process  the  mannose  remaining  in  the  mother  li(|u()r 
could  be  com})letely  recovered. 

Purijication  of  a-M a nnose- -For  purification,  the  crude  material 
was  allowed  to  stand  for  24  hours  in  double  its  weight  of  80  per 
cent  alcohol.  The  residue  was  shaken  for  5  minutes  \\'ith  a  small 
portion  of  80  per  cent  alcohol  at  20°(L  To  a  portion  of  the 
filtrate  a  few  drops  of  ammonia  were  added  and  the  optical 
rotation  was  measured.  The  extraction  was  continued  until  the 
rotation  remained  constant  for  three  subsequent  extractions.  The 
rotation  of  these  extracts  in  a  1  dm.  tu])e  was  a  =  +2.30°. 
The  residue  was  then  washed  with  absolute  alcohol  and  ether 
and  dried  under  diminished  pressure  at  50°C.  The  substance 
melted  into  a  semisolid  mass  at  133°C.  (corrected)  and  turned 
liquid  and  decomposed  at  205°C.  It  had  a  specific  rotation  in 
water  of  [a]"o  =  +30°,  and  in  80  per  cent  alcohol  of  +35°. 

Initial  and  Final  Solubilities  of  a-Mannose  in  80  Per  Cent  Alcohol. 
— The  experiment  was  carried  out  at  20°C.  10.0  gm.  of  the  dry 
a  form  WTre  shaken  in  a  glass  stoppered  flask  for  5  minutes  with 
40  cc.  of  the  solvent.  About  10  cc.  of  the  supernatant  liquid 
were  withdrawn  by  a  Lowry  pipette,  2  drops  of  ammonia  water 
were  added  to  the  solution,  and  the  rotation  was  measured. 
[alo  was  +  2.30°.  The  flask  with  the  remainder  of  the  suspension 
was  allowed  to  stand  for  24  hours  when  another  sample  of  10  per 
cent  was  withdrawn.     The  rotation  was  +  2.80°. 

The  rotation  of  the  ^  form  is  calculated  from  the  equation 
0.821  (35)  +  0.179  (x)  =  25.7.  25.7  is  the  equilibrium  specific 
rotation  of  mannose  in  80  per  cent  alcohol,  x  (the  rotation  of 
the  /3  form)  is  + 16.5°. 

Initial  and  Final  Solubilities  of  ^-Mannose  in  80  Per  Cent  Alcohol. 
— The  experiment  was  carried  out  in  the  same  manner  as  in  the 
case  of  a-mannose.  10.0  gm.  of  /S-mannose  were  suspended  in 
75  cc.  of  80  per  cent  alcohol.  The  rotation  of  the  first  extract 
was  +0.38°,  of  the  final  +  1.80°.  The  specific  rotation  of  the  a 
form,  calculated  from  the  equation  0.188  (-  16.5) +0.812(x)  =  25.7, 
is  +35°. 
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The  Solubility  of  a  Mixture  of  a-  and  P-Mamioses. — The  /S- 
mannose  was  purified  in  the  same  way  as  the  a  isomer.  It 
melted  into  a  semisohd  mass  at  140°C.  (corrected),  and  then 
behaved  as  the  oc  form.  A  concentrated  solution  in  80  per  cent 
alcohol  in  equilibrium  gave  an  optical  rotation  of  +0.38°  in  a  100 
mm.  tube. 

A  mixture  of  3  gm.  of  /3-mannose  and  of  7.0  gm.  of  a-mannose 
was  shaken  for  5  minutes  at  20°C.  with  30  cc.  of  80  per  cent 
alcohol.  The  filtrate,  after  addition  of  a  drop  of  ammonia,  had 
the  optical  rotation  of  [a]'^  =  +2.67°  in  a  100  mm.  tube.  The 
calculated  value  is  +2.68°. 

Mutarotation  of  a-  and  ^-Mannoses  at  25°C.- — -5  gm.  of  drj^  a-man- 
nose were  shaken  in  a  thermostatic  bath  at  25°C.  for  5  minutes. 
The  supernatant  liquor  was  rapidly  filtered.  3  gm.  of  the  ^  form 
were  treated  in  the  same  way.  The  measurements  were  taken  in 
tubes  provided  with  jackets  through  which  circulated  the  water 
from  the  same  thermostatic  bath.  The  changes  of  rotation  were 
as  follows: 


Time. 

a-Form. 

A-i  +  ;;2 

Time. 

/3-Form. 

h  +  k2 

mill. 

min. 

0 

+6.95 

0 

-0.72 

27 

+6.25 

0.00775 

30 

-0.07 

0.00545 

57 

+5.79 

0.00795 

62 

+0.43 

0.00572 

89 

+  5.50 

0.00770 

91 

+0.73 

0.00580 

116 

+5.31 

0.00850 

120 
Equilib- 

+ 0.95 

•       0.00602 

Equilib- 

Average. 0.00792 

Average.  0.00549 

rium. 

+5.12 

rium  . 

+0.34 

Mutarotation  of  a-  and  ^-Mannoses  at  12.5°C. — -These  measure- 
ments were  carried  out  in  a  room  in  which  the  temperature  was 
kept  constant  at  12.5°C.  0.500  gm.  of  dry  /3-mannose  was  dissolved 
in  25  cc.  of  80  per  cent  alcohol.  It  took  about  2^  minutes  to 
complete  solution.  3  gm.  of  a-mannose  were  shaken  5  minutes 
with  3  cc.  of  80  per  cent  alcohol.  Under  these  conditions,  the 
concentrations  of  the  a-  and  /S-mannoses  were  approximately  the 
same. 
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The  course  of  the  mutarotation  was  as  follows : 


Time. 

a-Form. 

A-i  +  ki 

Time. 

/3-Form. 

h  +  ki 

min. 

7)1  in . 

0. 

+  1.33 

0 

-0.66 

34 

+  1.26 

0.00219 

30 

-0.57 

0.00169 

76 

+  1.19 

0.00239 

59 

-0.37 

0.00144 

113 

+  1.14 

0.00247 

97 

-0.22 

0.00141 

147 

+  1.11 

0.00255 

121 
Equilib- 

-0.11 

0.00148 

Equilib- 

Average.0.00240 

Average.  0.00150 

rium. 

+0.95 

rium. 

+0.97 

Two  other  experiments  were  performed.  The  respective  values 
were  0.00241  and  0.00239  for  the  a,  and  0.00170  and  0.00141  for 
the  /3  form.  Recalculated  for  25°C.  by  the  coefficient  of  Hudson 
and  Sawyer  (2.6  for  10°)  the  values  given  in  the  table  become 
0.00753  for  the  a  form  and  0.00567  for  the  jS  form.  These  values 
agree  very  closely  with  those  found  in  the  experiments  reported 
above. 

Preparation  of  6-Glucose.— 200  gm.  of  o:-glucose  were  dissolved 
in  about  50  cc.  of  hot  water;  to  this  solution,  20  cc.  of  concentrated 
ammonia  water  were  added.  The  solution  was  allowed  to  stand 
5  minutes.  Then  200  cc.  of  98.5  per  cent  alcohol  were  added. 
To  the  resulting  solution  ether  was  added  as  long  as  an  oil  settled 
out.  The  supernatant  liquid  was  then  decanted  and  to  the 
syrup  methjd  alcohol  was  added  in  small  portions,  while  stirring 
and  scratching  on  the  walls  of  the  vessel  were  continued.  The 
glucose  crystallized  immediately.  The  yield  was  140  gm.  The 
specific  rotation  of  the  crude  material  was  [a]o  =  +23°.  The 
material  remaining  in  the  mother  liquor  was  easily  recovered. 

Preparation  of  ^-Galactose. — ^50  gm.  of  a-galactose  were  dis- 
solved in  40  cc.  of  concentrated  ammonia  w"ater  in  the  cold. 
200  cc.  of  cold  alcohol  were  added  and  then  ether  was  added  as 
long  as  oil  settled  out.  The  supernatant  liquid  was  decanted, 
and  to  the  oil  small  portions  of  methyl  alcohol  were  added,  while 
stirring  and  scratching  on  the  walls  of  the  vessel  were  continued. 
The  crj^stallization  began  almost  at  once.  The  specifications  of 
the  crude  /S  form  were  [aJn  =  +63°. 


THE  TWO  ISOMERIC  CHONDROSAMINE  HYDROCHLOR- 
IDES AND  THE  RATES  OF  THEIR  MUTAROTATION. 

By  p.  a.  LEVENE. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  July  9,  1923.) 

The  first  sample  of  chondrosamine  hydrochloride  isolated  by 
Levene  and  La  Forge'  had  an  initial  rotation  of  [q;]d  =  +129°, 
which  reached  an  equilibrium  at  the  rotation  of  [ajn  =  +95°. 
All  subsequent  preparations,  both  synthetic  and  natural,  had  an 
initial  specific  rotation  in  the  neighborhood  of  [a]'o  =  +51-60° 
and  an  equilibrium  rotation  of  [q:]d  =  +95°.  Since  chondro- 
samine belongs  to  the  d  series,  the  second  form  is  to  be  regarded  as 
the  /S  isomer.  In  this  respect,  chondrosamine  represents  one  of 
the  few  sugars  which,,  under  normal  conditions,  crystallizes  in  the 
/3  form.  The  common  form  of  most  other  simple  sugars,  with 
the  exception  of  mannose,  is  the  a  form. 

The  knowledge  of  the  rotation  of  the  a  and  /3  isomers  is  impor- 
tant for  the  purpose  of  obtaining  information  as  to  the  value  and 
the  direction  of  the  rotation  of  carbon  atom  2  in  the  sugars,  iiie 
bearing  of  the  direction  of  carbon  atom  2  on  the  configuration  of 
sugars  and  sugar  acids  has  been  discussed  in  the  paper  on  epi- 
glucosamine  pentacetate.^  In  view  of  this,  an  effort  was  made  to 
prepare  both  isomers  of  chondrosamine  hydrochloride  in  pure 
form.  Since  the  prevailing  material  consists  of  the  /3  isomer,  the 
first  step  was  to  obtain  the  equilibrium  form.  A  convenient  way 
to  prepare  this  form  is  given  in  the  experimental  part.  This 
material  was  extracted  repeatedly  either  with  methyl  alcohol  or 
with  a  solution  consisting  of  equal  parts  of  absolute  ethyl  and 
methyl  alcohols.  By  the  addition  of  ether  to  the  filtrate,  a  sub- 
stance was  obtained  which  had  a  higher  rotation  than  the  initial 
substance.     On  repeating  the  operation,  the  rotation  of  the  more 

'  Levene,  P.  A.,  and  La  Forge,  F.  B.,  /.  Biol.  Chem.,  1914,  xviii,  127. 
2  Levene,  P.  A.,  and  Meyer,  G.  M.,  J.  Biol.  Chem.,  1923,  Iv,  221. 
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soluble  form  gradually  increased  and  finally  reached  the  value 
[a]:   =    +121°. 

On  the  other  hand,  a  method  Avas  found  to  purify  the  3  isomer 
so  that  its  rotation  came  down  to  [«]„  =  +47°.  The  extrapolated 
initial  rotation  was  found  to  be  [a]'°  =  +44.5°.  Thus,  the  differ- 
ence of  the  molecular  rotation  of  the  two  forms  is  16,485.  It  is 
possible  that  the  a  form  was  not  yet  absolutely  pure  and  that  the 
pure  substance  possesses  a  slightly  higher  rotation  than  +121°, 
but  the  difference  of  the  molecular  rotations  of  the  two  forms  is 
practically  identical  with  the  normal  yalue  for  the  majority  of 
sugars.  It  is  also  yery  close  to  the  value  obtained  by  Irvine  and 
Earl  for  the  difference  of  the  rotation  of  the  two  isomeric  chito- 
saminc  hydrochlorides.  The  fact  that  the  mutarotations  of  the 
a  and  /3  forms  gave  the  same  value  for  A'l  +  /i'o  speaks  in  favor 
of  the  purity  of  the  two  substances.  The  discrepancy  in  the 
rotation  of  the  sample  of  Levene  and  La  Forge  and  of  the  present 
samples  may  in  ]:)art  be  due  to  the  difference  in  the  details  of  the 
technique  of  measurement.  Whereas,  in  previous  work  the 
measurement  was  carried  out  in  closed  tubes,  the  present 
measurements  w^ere  made  in  tubulated  tubes. 

EXPERIMENTAL   PART. 

Purification  of  Chondrosamine  Hydrochloride. — 3.0  gm.  of  crude 
material  with  a  specific  rotation  of  [ajn  =  +80°  were  dissolved 
with  heat  in  80  cc.  of  concentrated  hydrochloric  acid.  An  addi- 
tional 7.0  gm.  of  substance  was  added  to  the  solution  in  small 
portions.  To  this  solution  alcohol  was  added  until  a  crystalline 
deposit  formed.  The  precipitate  was  filtered  off  while  the  mixture 
was  still  warm.  This  substance  melted  with  decomposition  at 
187°C.  3  minutes  after  the  substance  was  mixed  with  the  solvent 
the  rotation  was 

,   ,r,       +  0.96°  X  100 


1  X  2 


=  +48= 


The  mother  liquors  of  this  material  were  concentrated  nearly 
to  dryness  and  dissolved  in  a  minimum  amount  of  hot  concen- 
trated hydrochloric  acid.  Absolute  alcohol  was  added  until  the 
substance  began  to  crystallize.  The  optical  rotation  of  this 
substance  4  minutes  after  solution  was 

^  _  +  1.38°  X  100        ,   ,„o 
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The  rate  of  mutarotation  of  the  (3  form  was  as  follows: 


Time. 

a 

1               Tco 
J;      1      J-^                Inrr 

—  r„ 

'                roo 

-.'•( 

4  min. 

+0.96 

15     " 

+  1.20 

0.0154 

27     " 

+  1.40 

0.0131 

37    " 

+  1.49 

0.0121 

47     " 

+  1.57 

0.0121 

133     " 

+  1.84 

Average 

..0.0131 

24  hrs. 

+  1.84 

On  the  basis  of  these  values  the  extrapolated  initial  specific 
rotation  was  [a]'^  =  +44.5°. 

Preparation  of  a-Chondrommine  Hydrochloride. — 50  gm.  of  the 
substance  with  specific  rotation  [a\^  =  +0.56°  were  dissolved  in 
600  cc.  of  warm  60  per  cent  alcohol.  The  solution  was  allowed 
to  remain  on  the  water  bath  for  half  an  hour  when  600  cc.  of  ace- 
tone were  added.  An  oily  sediment  formed.  Methyl  alcohol  was 
then  added  until  the  sediment  acquired  a  crystalline  character  and 
then  400  cc.  of  acetone  were  gradually  added  with  stirring.  The 
mixture  was  allowed  to  stand  for  1  hour  and  then  filtered.  The 
molecular  rotation  of  this  material  was  [o;]d  =  +  67.5°.  The  fil- 
trate was  concentrated  to  a  syrup  under  diminished  pressure  at 
40°C.  (water  bath  temperature).  The  syrup  was  dissolved  in  a 
little  methyl  alcohol.  To  the  solution  acetone  was  gradually 
added  as  long  as  its  addition  produced  a  cloudiness.  The  crystal- 
line precipitate  was  filtered  off  after  15  minutes.  Its  specific 
rotation  was  [a\'l  =  +95°.  This  value  is  that  of  the  equilibrium 
form. 

The  pure  a  isomer  was  prepared  by  extracting  the  equilibrium 
form  with  methyl  alcohol  or  with  a  mixture  of  ethyl  and  methyl 
alcohol.  20  gm.  of  the  dry  material  were  extracted  at  15°C.  for 
3  minutes  with  150  cc.  of  dry  methyl  alcohol  and  filtered.  To  the 
filtrate  ether  was  added  as  long  as  it  produced  a  turbidity.  The 
crystalline  precipitate  was  filtered  off  immediately.  The  extrac- 
tion was  repeated  twice  and  the  three  crystalline  deposits  obtained 
from  the  filtrates  by  the  addition  of  ether,  were  combined.  The 
yield  was  5.0  gm.  and  the  substance  had  the  specific  rotation  of 
["Id  =   +121°,     On  further  purification,    the    rotation    of    the 
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substance  did  not  change.     The  final  substance  had  a  melting 
point  of  185°C.  and  analyzed  as  follows: 

0.1074  gm.  substance :  (Kjeldahl)  9.30  cc.  0.1  n  acid. 
0.197-4  "  "        :  (Volhard)   9.10    "    0.1   "  AgNO,. 

0.1072  "  "        :  0.1306  gm.  COo  and  0.0630  gm.  HoO. 

CsHijNOsHCl.     Calculated.     C  33.40,  H  6.54,  N  6.54,  CI  16.45. 
Found.  ''  33.22,   "  6.59,   "  6.59,   "   16.34. 


The  rotation  of  the  substance  was 
r  ,co      +  2.42°  X  100 


1  X2 


=  +  121° 


In  other  experiments  in  which  the  mixture  of  the  a  and  iS  forms 
had  a  specific  rotation  lower  than  +90°,  the  a  isomer  was  obtained 
more  successfully  by  extractions  with  a  mixture  of  methyl  and 
ethyl  alcohol. 

The  rate  of  mutarotation  of  the  substance  was  as  follow^s. 
7  minutes  were  required  to  dissolve  the  substance,  filter  the 
solution,  and  take  the  first  reading: 


a 

h  +  ^-2  = 

1  ,         "-co  -  r„ 

*°^   r„  -  r, 

min. 

7 

+2.36 

11 

+2.21 

0.0155 

31 

+2.07 

0.0133 

59 

+  1.96 

0.0139 

76 

+  1.90 

0.0134 

Equilibrium. 

+  1.86 

Average  — 

0.0140 

ON  THE  IDENTITY  OR  NON-IDENTITY  OF  ANTINEURITIC 
AND  WATER-SOLUBLE  B  VITAMINS. 

By  p.  a.  LEVENE  and  MARIE  MUHLFELD. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 
(Received  for  publication,  July  9,  1923.) 

The  problem  to  be  reported  in  this  paper  has  been  the  subject 
of  much  discussion  in  recent  literature.  A  thorough  analysis  of 
the  evidence  on  both  sides  of  the  questions  was  presented  first  by 
Mitchel  and  later  by  Sherman  and  Smith.  The  very  impartial 
scrutiny  of  all  the  evidence  leads  these  authors  to  the  conclusion 
that  the  evidence  to  date  does  not  permit  of  a  final  decision  in 
either  direction.  The  present  communication  was  made  with  a 
view  of  presenting  evidence  on  the  non-identity  of  the  two 
vitamins.  The  observations  were  incidental  in  an  effort  to  organ- 
ize the  work  on  the  chemical  nature  of  the  water-soluble  B  vitamin. 
The  original  aim  was  to  select  a  convenient  source  of  vitamin  B 
and  a  convenient  laboratory  animal.  As  the  source  of  vitamin, 
various  samples  of  yeast  were  tested  and  as  laboratory  animals, 
the  pigeon  and  the  white  rat  (descendants  of  Osborne  and  Mendel's 
colony,  obtained  through  the  courtesy  of  Prof.  H.  Sherman)  were 
selected.  It  was  then  incidentally  observed  that  certain  samples 
of  3'east  which  were  sufficiently  active  to  maintain  normal  growth 
in  rats  failed  to  protect  pigeons  fed  on  polished  rice  from  poty- 
neuritis.  This  observation  led  to  a  more  careful  investigation 
into  the  present  problem.  Three  samples  of  bakers'  yeast  supplied 
by  the  Fleischmann  Company,  and  one  sample  of  brewers'  yeast 
were  employed  in  the  investigation. 

The  results  are  summarized  in  the  tables  and  chart,  from  which 
it  is  seen  that  the  water-soluble  B  vitamin  of  four  samples  of  yeast 
varied  comparatively  little.  In  daily  doses  of  0.200  gm.,  all  the 
samples  were  effective.  In  0.100  gm.  doses,  brewers'  yeast  and 
bakers'  yeast  No.  3  were  sufficient  to  maintain  normal  growth, 
whereas  Nos.  2  and  9  in  such  doses  gave  less  satisfactorj'  results. 
Thus,  the  proportional  diff^jrence  between  the  best  and  the  poor- 
est samples  was  not  great-er  than  2  to  1. 
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The  results  of  feeding  pigeons  with  the  same  samples  of  yeast 
were  the  following. 

Brewers'  yeast  protected  pigeons  from  polyneuritis  in  doses 
of  O.oOO  gm.  per  day;  bakers'  yeast  No.  3  gav(^  irregular  results  in 
doses  of  0.200  gm.  per  day  and  protected  completely  in  doses  of 
0.500  gm.  per  day.  Bakers'  yeast  No.  9  failed  to  protect  in  doses 
of  0.500  gm.  and  gave  irregular  results  in  doses  of  1.0  gm.  (of 
three  pigeons,  one  lived  50  days  and  two  remained  in  perfectly 
normal  condition  after  70  days).  Bakers'  yeast  No.  2  failed  to 
protect  even  in  doses  of  2.0  gm.  per  day.  Thus,  No.  2  failed  to 
protect  pigeons  from  polyneuritis  in  doses  at  least  four  times  as 
large  as  the  protective  dose  of  No.  3. 

Occasionalh^  in  a  few  earlier  experiments,  it  seemed  that  an 
extract  of  a  certain  sample  of  yeast  contained  the  protective  power 
when  the  untreated  yeast  failed  to  do  so.  The  extract  was  pre- 
pared following  the  directions  of  Osborne  and  Wakeman.  A  more 
careful  investigation,  however,  revealed  that  the  impression  was 
(nroneous.  The  Osborne  and  Wakeman  fraction  II  obtained 
from  3-east  No.  2  was  inactive  in  doses  of  0.500  gm.,  whereas  a 
similar  fraction  from  the  brewers'  yeast  carried  a  certain  degree  of 
protection  in  doses  of  0.075  gm.  per  day  and  completely  protected 
in  doses  of  0.125  gm. 

It  is  noteworthy  that  whereas  the  concentration  of  the  protec- 
tive principle  was  higher  in  yeast  No.  3  than  in  the  brewers'  yeast, 
the  concentrations  of  the  principle  in  the  Osborne  and  Wakeman 
fraction  II  were  reversed,  being  lower  in  that  from  yeast  No.  3 
than  from  the  brewers'  yeast.  All  samples  of  the  Osborne  and 
Wakeman  fraction  II  in  daily  doses  of  0.020  to  0.050  gm.  were 
effective  in  maintaining  the  normal  growth  of  rats  fed  on  the 
basal  diet  of  Osborne  and  Mendel. 

All  postmortem  examinations  were  made  by  Dr.  P.  Olitsky. 
Only  animals  sacrificed  before  death  or  found  dead  during  labora- 
tory hours  were  autopsied. 

Thus,  the  material  presented  in  this  report  contains  additional 
evidence  in  support  of  the  view  that  the  antineuritic  and  the 
growth-promoting  principle  are  not  identical.  However,  it  must 
be  borne  in  mind. that  the  final  solution  of  the  problem  will  be 
furnished  only  by  the  knowledge  of. the  chemical  nature  of  the 
active  principles. 
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EXPERIMENTAL. 

In  the  rat  experinieiits,  the  techniciue  of  Osborne  and  Mendel 
was  followed  thi'oughout.  Young  rats  were  placed  in  individual 
cages  on  the  basal  vitamin  B-free  diet  until  they  had  definitely  lost 
weight,  when  vitamin  in  ta})let  form  was  given.  Careful  records 
of  food  consumption  w(M-e  kejit  and  since  the  cages  had  wire  mesh 
bottoms,  there  was  little  or  no  contamination  or  eating  of  feces. ^ 
All  the  tests  were  made  on  a  series  of  foiu'  or  more  rats.  The 
curves  published  are  typical  of  the  series. 

The  vitamin  B-free  basal  diet  employed  was 

per  rent 

Casein IS 

Salt  mixture  IV 4 

Starch 54 

Butter  fat 9 

Lard 13' 

Cod  liver  oil 2 

For  the  pigeon  experiments,  birds  weighing  over  300  gm.  were 
used.  They  were  kept  in  individual  cages  and  were  forcibl}^  fed 
20  gm.  of  ground  white  rice,  18  cc.  of  distilled  water,  and  the  vitamin 
daily.  All  experiments  were  prophylactic  and  were  continued  at 
least  63  days  on  a  series  of  three  birds.  Controls  on  20  gm.  of 
ground  mixed  grains  were  found  healthy  and  normal. 

^  Our  cages  were  made  of  galvanized  iron,  9  inches  in  diameter.  They 
were  made  in  three  pieces;  the  wire  mesh  base  with  a  rim  to  hold  the 
cage,  and  a  cover  weighted  with  a  lead  rim.  The  cage  stood  in  a  deep  agate 
pan  over  a  layer  of  sand,  which  may  be  moistened  with  2  per  cent  sulfuric 
acid  in  order  to  remove  effectively  any  odor. 
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Chart  1. 

TABLE  I. 
Bakers'  Yeast  No.  2  on  Pigeons. 


Amount. 

Bird 
No. 

Length 
of  life. 

Change  in 
weight. 

Remarks. 

days 

cm. 

' 

200  mg. 

17 

32 

+2 

Spastio;  killed. 

18 

20 

+4 

Died. 

19 

22 

-32 

Spastic;  died. 

20 

20 

0 

U                       ii 

500  mg. 

74 

21 

-50 

Convulsions. 

75 

14 

—  7 

" 

76 

17 

+  10 

Crop  full;  spastic. 

1  gm. 

92  • 

17 

Crop  full. 

Convulsions.     Autopsy; 
tis. 

polyneuri- 

93 

33 

-106 

Died. 

94 

30 

+70 

a 

2gm. 

177 
179 

77 
77 

-10 

Autopsy;  normal. 

180 

68 

—  55 

Autopsy;  polyneuritis. 
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TABLE  II. 

Osborne  and  Wakeman's  Fraction  II  from  Bakers'  Yeast  No.  2. 


Amount. 
mg. 

75 


125 


150 


175 


250 


500 


Bird 
No. 

Length 
of  life. 

days 

148 

21 

149 

25 

150 

18 

151 

28 

152 

28 

153 

21 

181 

21 

182 

26 

183 

26 

154 

27 

155 

28 

156 

21 

■184 

26 

185 

23 

186 

21 

187 

42 

188 

49 

189 

56 

Ch.Tngc  in 
weight. 


gm. 

-35 

Crop  full. 

-27 

-77 
-35 
-43 

-10 

-41 

Crop  full. 

-44 

Crop  full. 

-23 

-42 
-60 
-18 


+8 
+40 
-25 


Rcm;irl<s. 


Autopsy;  polyneuritis. 

(<  it 

Spastic. 

Autopsy;  polyneuritis. 

Died. 

Autopsy;  polyneuritis. 

Autopsy;  almost  normal. 

"  polyneuritis. 

Paralysis.     Autopsy;     polyneuritis. 

Spastic. 

Died. 

Autopsy;  polyneuritis. 

Spastic.     Autopsy;  polyneuritis. 

Crop      full.      Autopsy;      beginning 
polyneuritis. 

Crop  full;  died. 
Autopsy;  polyneuritis. 


TABLE  III. 
Osborne  and  Wakeman's  Fraction  II  from  Bakers'  Yeast  No.  3. 


Amount. 

Bird  No. 

Length  of 
life. 

Change  in 
weight. 

Remarks. 

n"j. 

days 

gm. 

75 

157 

35 

Died. 

158 

49 

-47 

Spastic;  died. 

159 

70 

-18 

Autopsy;  mild  polyneuritis. 

125 

161 

70 

-39 

Well. 

162 

70 

-30 

li 

175 

163 

70 

0 

li 

164 

39 

-30 

Autopsy;  beginning  polyneuritis. 

165 

70 

-30 

Well. 
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TABLE  IV. 
Bakers'  Yeast  No.  3  on  Pigeons. 


Amount. 

Bird  No. 

Length  of 
life. 

Change  in 
weight. 

Remarks. 

days 

gm. 

200  mg. 

101 

70 

-8 

Apparently  healthy. 

102 

70 

-20 

Autopsy;  normal. 

103 

53 

-72 

"          polyneuritis. 

500  mg. 

104 

70 

-35 

Well. 

105 

70 

-11 

« 

106 

70 

+64 

li 

1  gm. 

107 

70 

-8 

" 

108 

70 

+42 

u 

109 

70 

+4 

a 

TABLE  V. 
Bakers'  Yeast  No.  9  on  Pigeons. 


Bird  No. 

Length  of 

life. 

Change  in 
weight. 

days 

am. 

54 

21 

-34 

55 

40 

0 

56 

35 

-10 

57 

34 

+9 

80 

28 

-10 

81 

28 

_2 

82 

25 

+28 

97 

49 

+5 

98 

77 

+  17 

99 

70 

+  15 

Remarks. 


Spastic;  died. 
Crop  full;  died. 
Died  suddenly. 
Paralj^zed;  died. 

Atropic;  died. 
Spastic;  died. 
Crop  full;  died. 

Autopsy;  beginning  polyneuritis. 

"  normal. 

Healthy. 
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TABLE  VI. 
Osborne  and  Wakeman's  Fraction  II  from  Bakers'  Yeasl  No.  9. 


Amount. 

Bird  No. 

Length  of 
life. 

Change  in 
weight. 

Remarks. 

mg. 

days 

gm. 

75 

139 

23 

-10 

Autopsy;  polyneuritis. 

140 

49 

-94 

Weak;  returned  to  normal  on  200 
mg. 

141 

25 

-GO 

Autopsy;  polyneuritis. 

125 

142 

70 

-80 

"  very  beginning  of  poly- 
neuritis. 

143 

70 

-12 

144 

33 

-49 

Autopsy;  mild  polyneuritis. 

175 

145 

42 

-31 

DT^. 

146 

28 

-85 

Autopsy;  polyneuritis. 

147 

70 

+6 

Apparently  healthy. 

TABLE  Vn. 

Brewers'  i'east  on  Pigeons. 


Amount. 


200  mg. 


500  mg. 


1  gm. 


Bird 
No. 

Length 
of  life. 

days 

67 

34 

69 

30 

70 

20 

86 

63 

87 

63 

88 

63 

89 

70 

90 

70 

91 

70 

Change  in 
weight. 


gm. 

Crop  full. 
-25 

+45 

+36 
-13 

-18 

+  1 

-8 

+46 


Remarks 


Convulsions;  died. 

Crop  full.     Autopsy;  polyneuritis. 

Well. 
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TABLE  Vlli. 
Osborne  and  Wakeman's  Fraction  II  from  Brewer's  Yeast. 


Amount. 

Bird  No. 

Length  of 
life. 

Change  in 
weight. 

Remarks. 

m'). 

days 

lim. 

75 

130 

65 

-29 

Autopsy;  normal. 

131 

65 

_2 

"          pol3'neuritis. 

132 

35 

-43 

Died. 

125 

133 

63 

+8 

Autopsy;  normal. 

134 

63 

+25 

a                      a 

135 

63 

+25 

<(                       (( 

175 

136 

65 

+3 

a                     it 

137 

65 

-8 

It                     « 

138 

65 

-25 

it                     i( 

A  STUDY  OF  THE  INORGANIC  ELEMENTS  OF  BLOOD 

PLASMA. 

By  a.  p.  BRIGGS. 

{From   the  Departments   of  Biological  Chemistry   and  Internal  Medicine, 
Washington  University  School  of  Medicine,  St.  Louis.) 

(Received  for  publication,  June  30,  1923.) 

A  number  of  papers  during  the  past  10  years  have  reported 
variations  in  the  concentration  of  calcium  or  inorganic  phosphorus 
of  the  blood,  in  rickets,  nephritis,  and  in  parathj'roidectomized 
animals.  Reports  have  appeared  also  concerning  changes  in  the 
level  of  other  inorganic  constituents  of  the  blood  in  a  variety  of 
diseases.  But  in  none  of  this  work  has  more  than  a  few  of  the 
inorganic  elements  been  determined  in  the  same  bloods.  For  the 
purpose  of  obtaining  a  more  comprehensive  view  of  the  extent  of 
variations  in  the  inorganic  constituents  we  have  developed  a 
system  of  analysis  which  permits  the  determination  of  sodium, 
potassiimi,  calcium,  magnesium,  chlorides,  and  phosphates  on  a 
single  small  sample  of  blood.  The  bloods  of  fifty  different 
patients,  selected  to  include  a  variety  of  diseases,  have  Ijeen 
analyzed  for  these  constituents,  and  the  results  may  serve  to 
indicate  the  extent  of  variations  to  be  found  in  the  more  frequent 
pathological  conditions. 

Methods. 

Most  recent  work  on  the  inorganic  elements  of  the  blood  has 
been  done  on  whole  blood  or  serum,  and  results  on  serum  seem  to 
have  more  significance.  Since  plasma  can  be  obtained  in  larger 
amounts  than  serum  and  carries  the  same  significance,  methods 
have  been  adapted  to  this  fraction  of  the  whole  blood. 

Anticoagulant. — When  all  of  the  elements  are  to  be  determined 
on  the  same  specimen,  the  choice  of  anticoagulant  becomes 
important.  Lithium  citrate  seems  to  fill  all  the  requirements. 
It  may  be  obtained  fairly  pure  on  the  market,  or  purified  if  neces- 
sary by  precipitating  a  saturated  solution  with  an  equal  volume 
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of  95  ixn-  cent  alcohol.  It  effectively  prevents  clotting,  and  as 
shown  by  results  in  Table  I,  it  does  not  affect  the  analytical 
results. 

Blood  is  drawn  from  superficial  veins  of  the  forearm  and  trans- 
ferred to  a  50  cc.  centrifuge  tube  containing  about  3  mg.  of  lithium 
citrate  per  cubic  centimeter  of  blood;  after  centrifugation  at  high 
speed  for  a  few  minutes  the  plasma  is  drawn  oft"  for  analysis. 
From  9  to  15  cc.  of  plasma,  the  amount  required  for  a  complete 
analysis,  are  measm-ed  by  a  Folin-Wu  pipette  and  transferred  to 


TABLE  I. 

Effect  of  Lithium  Citrate  {3  Mg.  per  Cc). 


Beef  serum. 

Beef  serum  + 
lithium  citrate. 

Defibrinated 
beef  blood. 

Beef  blood  + 
lithium  citrate 

p 

Ca 

7.1 

12.4 
2.7 

17.9 
322 
597 

7.1 

12.6 

2.4 

18.1 

325 

603 

7.8 

3.8 

64.6 

280 

556 

7  8 

Me 

3  7 

K 

63.5 

Xa 

284 

NaCl 

556 

an  Erlenmeyer  flask,  diluted  with  3  volmnes  of  distilled  water,  and 
the  proteins  precipitated  with  an  equal  volume  of  20  per  cent 
trichloroacetic  acid.  After  shaking  vigorousl}'  for  a  minute  and 
standing  10  minutes  the  contents  are  poured  onto  a  dry  filter. 

Preparation  of  Filters. — Ordinary  filters  contain  various  salts 
and  ashless  filters  contain  hydrochloric  acid  so  that  any  filters 
used  will  require  preliminary  washing  and  drying.  The  following 
treatment  has  been  found  satisfactory.  A  pack  of  ordinary 
11  cm.  filters  is  treated  in  a  large  dish  with  dilute  nitric  acid  for 
about  1  hour,  and  then  washed  repeatedly  by  decantation  with 
distilled  water,  and  dried. 

Analytical  Procedure. — The  method  for  the  determination  of 
potassium,  which  is  new,  will  be  given  in  detail,  the  other  methods 
are  adaptations  of  well  known  procedures  and  may  be  given  only 
by  reference. 

Potassium  Method. — Use  is  made  of  the  nitrite  color  reaction  of 
Griess,  to  determine  the  nitrite  precipitated  with  potassimn  as 
potassium  cobalti-nitrite.     This  method  was  developed  by  Doisy 
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and  Bell,  but  has  not  hitherto  been  published.  It  is  described 
here,  with  a  few  alterations  by  the  present  writer,  with  their 
consent. 

Transfer  5  cc.  of  the  trichloroacetic  acid  filtrate  to  a  small  glass  evapo- 
rating dish  or  beaker.  Add  3  or  4  drops  of  concentrated  HlSrOa  and  evapo- 
rate to  dryness  on  the  steam  bath.  Dissolve  the  residue  in  1  cc.  of  distilled 
water,  add  2  cc.  of  the  cobalti-nitrite  reagent,  and  set  aside  4  hours  for 
precipitation.  Filter  onto  a  Gooch  crucible  prepared  as  follows:  Pour  into 
the  Gooch  enough  paper  pulp  to  make  a  mat  about  1  mm.  thick,  cover  with 
a  piece  of  filter  paper  punched  out  with  a  cork  borer  to  fit,  and  press  the 
whole  mat  down  fiat  and  tight.  Wash  out  the  beaker  four  times  with  3  cc. 
portions  of  10  per  cent  NaCl  and  pass  these  through  the  Gooch,  then  wash 
th^  crucible  twice  with  about  3  cc.  of  the  same  solution.  Pick  out  the  mat 
and  drop  it  back  in  the  dish  with  the  rest  of  the  precipitate,  add  about  20 
cc.  of  approximately  0.1  n  NaOH,  and  heat  to  boiling.  Wash  the  contents 
into  a  graduated  cylinder,  dilute  with  distilled  water  to  100  cc,  and  mix. 
An  aliquot  of  this  solution  equivalent  to  about  0.01  mg.  of  K  (5  cc.  where  5 
cc.  of  trichloroacetic  acid  filtrate  were  used)  is  transferred  to  a  100  cc. 
volumetric  flask.  To  another  100  cc.  flask  transfer  5  cc.  of  the  standard 
nitrite  solution.  To  each  add  70  cc.  of  distilled  water,  2  cc.  of  the  sulfanilic 
acid  solution,  and  1  cc.  of  the  naphthylamine  solution.  Dilute  to  100  cc. 
mix,  and  after  5  minutes  compare  in  the  colorimeter. 

Reagents. 

Potassium  Solution. — This  contains  the  equivalent  of  20  mg.  of  K  per  100 
cc.  382  mg.  of  pure  KCl  or  445  mg.  of  K2SO4  are  dissolved  in  a  liter  of  distilled 
water. 

Cobalti-Nitrite  Reagent. — Dissolve  220  gm.  of  NaN02  in  400  cc  of  distilled 
water.  Dissolve  113  gm.  of  cobalt  acetate  in  300  cc.  of  distilled  water. 
Mix  the  two  solutions  and  add  100  cc.  of  glacial  acetic  acid.  A  current  of 
air  is  passed  through  the  reagent  for  several  hours  to  remove  the  nitric 
fumes.     It  is  then  filtered  and  kept  in  a  glass  stoppered  bottle  in  the  ice  box. 

Standard  Nitrite  Solution. — Prepare  a  stock  solution  by  dissolving  l.o 
gm.  of  KNO2  in  1,000  cc.  of  distilled  water.  The  standard  solution  is  made 
by  diluting  10  cc.  of  the  stock  solution  to  1,000  cc  It  is  standardized 
empirically  as  follows:  Transfer  2  cc.  of  the  potassium  solution,  equivalent 
to  0.4  mg.  of  K  to  a  small  beaker,  precipitate,  wash,  decompose  with  NaOH, 
and  make  up  to  a  volume  of  200  cc.  as  in  a  determination.  Take  5  cc  of 
this  solution  equivalent  to  0.01  mg.  of  Iv  and  compare  according  to  the 
technique  of  the  determination  with  5  cc  of  the  standard  nitrite  solution. 
The  value  of  the  nitrite  standard  is  thus  established  in  terms  of  its  potas- 
sium equivalent. 

Sulfanilic  Acid  Solution. — A  0.5  per  cent  solution  in  30  per  cent  acetic 
acid. 

a-N aphthylainine. — A  0.5  per  cent  solution  in  30  per  cent  acetic  acid. 
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Remarks. — The  mat  of  paper  pulp  is  much  more  efficient  than 
asbestos  for  catching  finely  divided  precipitates  such  as  potassium 
cobalti-nitrite.  Reducing  substances  which  are  formed  by  the 
action  of  NaOH  on  the  paper  during  decomposition  of  the  cobalti- 
nitrite  and  which  would  introduce  an  error  if  the  nitrite  were 
determined  by  permanganate  titration,  have  no  effect  on  the 
colorimetric  method. 

The  precipitate  was  originally  caught  on  a  filter  paper  and 
washed  with  10  per  cent  NaCl  which  flocculates  the  precipitate 
and  prevents  it  from  running  through  the  filter.  Using  the 
Gooch,  much  smaller  amounts  of  wash  fluid  are  required  and  the 
pulp  mat  makes  a  better  filter  so  that  there  would  probably  be  no 
appreciable  loss  if  distilled  water  were  used  for  washing. 

Sodium  is  determined  by  the  method  of  Kramer  and  Tisdall  (1). 
From  5  to  10  cc.  of  the  trichloroacetic  acid  filtrate  are  evaporated 
with  5  cc.  of  concentrated  HNO3,  to  dryness  on  a  steam  bath. 
The  residue  is  dissolved  in  2  cc.  of  distilled  water  and  the  procedure 
given  by  Kramer  and  Tisdall  followed  from  this  point. 

Determinations  made  directly  on  the  trichloroacetic  acid 
filtrate  gave  results  much  too  low,  perhaps  due  to  interference  by 
the  citrate.  All  interference  is  removed  by  evaporation  with 
HXO.s  and  with  this  treatment  results  are  identical  with  and 
without  added  lithium  citrate. 

Glass  evaporating  dishes  of  50  cc.  capacity  have  been  used 
and  although  the  precipitate  has  a  strong  tendency  to  stick  to  the 
glass  this  may  be  overcome  by  rubbing  the  sides  vigorously  with  a 
rubber  policeman  during  and  for  a  few  seconds  following  the 
addition  of  the  alcohol. 

The  necessity  of  preparing  an  antimonate  reagent,  10  cc.  of  which 
are  equivalent  to  about  11  mg.  of  sodium,  should  be  especially 
emphasized.  Different  samples  of  antimonate  have  been  found  to 
vary  greatly  in  their  antimony  content  and,  with  one  exception, 
solutions  which  gave  results  higher  than  theoretical  have  been 
obtained  by  dissolving  10  gm.  of  the  antimonate  in  500  cc.  of 
boiling  water,  etc.,  as  directed  by  Kramer  and  Tisdall  (1). 

Calcium  and  Magnesium. — 15  cc.  of  the  trichloroacetic  acid  filtrate  are 
used  for  these  two  determinations.  Calcium  is  precipitated  as  oxalate, 
after  neutralizing  the  filtrate  with  dilute  ammonia,  using  methyl  red  for  an 
indicator  as  recommended  by  Shohl  (2).  The  precipitate  was  filtered, 
washed,  and  titrated  somewhat  according  to  the  technique  of  Simpson  (3). 
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Sodium  or  potassium  acetate  solutions  should  not  be  used  to  neutralize 
the  trichloroacetic  acid  filtrates  because  the  large  amounts  required  to 
reduce  the  acidity  to  the  turning  point  of  methyl  red,  retard  the  precipita- 
tion so  that  it  will  not  be  complete  even  after  10  hours  standing. 

Magnesium  is  determined  on  the  calcium  filtrate  according  to  a  procedure 
recently  published  from  this  laboratory  (4). 

Phosphates  are  determined  by  a  modification  of  the  Bell-Doisy  method 
(5). 

The  method  of  Whitehorn  (6)  has  been  adapted  to  the  trichloroacetic 
acid  filtrates  for  the  determination  of  chlorides. 

Inorganic  Elements -in  Various  Pathological  Conditions. 

In  Table  II  are  given  analyses  of  fifty  different  pathological 
plasmas.  Several  of  the  nephritics  show  the  characteristic  low 
values  for  calcium  or  high  values  for  phosphates.  Aside  from 
these  it  will  be  observed  that  there  are  no  conspicuous  deviations 
from  the  normal  for  any  of  the  elements  in  any  of  the  bloods 
examined. 

Leaving  out  the  results  on  nephritis,  the  following  averages  are 
obtained. 


p 

Cl 

Na 

K 

Ca 

Mg 

2.9 

355 

317 

19.6' 

9.6 

2.5 

These  values  are  very  close  to  those  which  have  been  cited  (7,  8,  9) 
as  average  normal  for  human  sermn  or  plasma. 

A  comparison  of  the  equivalent  concentrations  of  the  acid  and 
basic  elements,  based  upon  the  average  results,  are  given  in  Table 
III.  A  concentration  of  0.0245  n  has  been  assumed  for  HCO3, 
corresponding  to  a  value  of  55  cc.  of  COo  per  100  cc.  of  plasma. 
The  value  of  0.0014  n  for  phosphoric  acid  has  been  computed, 
assuming  that  it  exists  in  equivalent  amounts  as  mono-basic  and 
di-basic  phosphate.  No  figure  for  sulfuric  acid  has  been  included, 
since  the  recent  work  of  Denis  (10)  shows  this  element  to  exist 
only  in  very  small  amounts  except  in  conditions  of  renal  impair- 
ment. There  is  seen  to  be  an  excess  of  about  16  per  cent  of  the 
basic  over  the  acid  elements,  which  compares  well  with  the  14 
per  cent  excess  computed  by  Kramer  and  Tisdall  (8)  for  normal 
human  sermn  and  is  a  little  higher  than  7  per  cent  computed  by 
Doisy  and  Eaton  (7)  for  normal  beef  serum.  The  excess  base 
no  doubt  exists  as  alkali  proteinate  (8). 


lABJ^i;.  11. 


Patient 
No. 

Diagnosis. 

P 

CI 

Na 

K 

Ca 

Mg 

1 

Acne. 

2.6 

364 

329 

18.0 

10.0 

2.2 

2 

a 

3.6 

349 

296 

18.1 

9.8 

2.3 

3 

« 

3.5 

359 

316 

21.6 

10,1 

2.4 

4 

Psoriasis. 

2.9 

370 

309 

19.0 

10.0 

2.9 

5 

Urticaria. 

2.2 

340 

334 

17.7 

8.7 

3.1 

G 

Arthritis  (infective). 

3.6 

360 

338 

16.9 

9.7 

2.4 

7 

Pulmonary  tuberculosis. 

2.5 

334 

306 

19.0 

11.2 

2.6 

8 

u                               u 

2.1 

370 

339 

18.8 

9.1 

2.4 

9 

Asthma. 

2.9 

355 

303 

17.5 

11.5 

2.5 

10 

n 

3.1 

348 

318 

20.0 

9.3 

3.3 

11 

Bronchial  pneumonia. 

1.2 

338 

315 

19.7 

9.3 

2.2 

12 

Eclampsia. 

3.8 

372 

349 

20.9 

8.8 

2.3 

13 

u 

2.8 

349 

308 

16.3 

8.9 

2.0 

14 

Carcinoma. 

2.7 

342 

294 

15.9 

9.5 

2.5 

15 

" 

3.4 

371 

339 

20.6 

9.8 

2.6 

16 

<< 

3.1 

334 

19.3 

9.5 

2.9 

17 

<( 

3.6 

349 

316 

22.9 

9.7 

2.6 

18 

Sarcoma. 

2.8 

364 

328 

17.8 

9.6 

2.8 

19 

Myeloma. 

4.0 

340 

311 

23.4 

10.0 

2.5 

20 

Polycythemia. 

3.2 

364 

317 

20.0 

10.1 

2.5 

21 

(< 

2.8 

343 

288 

22.9 

8.4 

22 

Pernicious  anemia. 

3.6 

373 

340 

20.0 

9.4 

2.6 

23 

n                     u 

3.0 

349 

302 

16.8 

9.1 

2.5 

24 

Hemophilia. 

2.3 

369 

336 

17.1 

10.1 

2.5 

25 

Tetany  (hysterical  hyperpnea). 

3.7 

354 

323 

19.2 

10.1 

2.9 

26 

Addison's  disease. 

2.8 

355 

306 

21.6 

10.0 

2.2 

27 

Hypoovarian  (castrated). 

3.1 

379 

338 

18.5 

9.1 

2.5 

28 

Acromegaly. 

2.1 

341 

291 

19.7 

10.1 

2.1 

29 

Diabetes  mellitus. 

3.7 

352 

334 

23.3 

9.5 

2.3 

30 

Hyperthyroid. 

1.6 

369 

321 

20.0 

9.7 

2.8 

31 

" 

2.0 

358 

314 

24.5 

9.7 

2.3 

32 

u 

3.1 

371 

337 

18.3 

10.1 

2.5 

33 

Muscular  dystrophy. 

2.6 

350 

17.4 

11.2 

2.7 

34 

Chronic  jaundice. 

2.6 

357 

289 

20.2 

9.9 

2.4 

35 

«                 n 

2.4 

358 

336 

14.9 

10.3 

2.9 

36 

Cardiac  decompensation. 

3.4 

355 

317 

21.3 

9.6 

2.2 

37 

((                 li 

3.2 

335 

283 

24.1 

9.4 

2.6 

38 

((                        a 

2.8 

342 

296 

17.7 

10.3 

2.5 

39 

Hypertension. 

2.8 

353 

19.9 

9.6 

3.2 

40 

li 

2.0 

369 

315 

21.4 

10.0 

2.7 

Chronic  nephritis. 

2.1 

349 

18.8 

8.1 

2.4 

a                       li 

4.5 

342 

17.6 

7.8 

3.2 

a                     it 

8.1 

349 

329 

16.9 

7.5 

2.5 

li                     li 

3.6 

401 

380 

18.8 

9.9 

2.3 

a                     11 

5.9 

343 

293 

18.0 

8.1 

2.6 

it                     it 

2.3 

342 

279 

20.4 

8.5 

2.3 

li                     li 

11.9 

"328 

308 

36.2 

8.7 

3.9 

li                     a 

5.2 

371 

294 

24.2 

8.7 

2.8 

li                     li 

5.0 

412 

375 

16.9 

9.3 

4.2 

356 
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Amount  per  liter. 

Equivalent  normality. 

Bases. 

Na 

gm. 

3.170 
0.196 
0.098 
0.025 

0.1380 

K .           

0.0050 

Ca 

0.0049 

Mg 

0.0021 

Total 

0.1500 

0 
0 

1500 
1259 

16  per  cent. 

Excess  base 

=  0.0241  or 

Acids. 

CI 

P 

HCO3 

3.550 
0.029 

0.1000 
0.0014 
0.0245 

Total 

0.1259 

SUMMARY   AND    CONCLUSION. 

A  system  of  methods  is  outlined,  including  a  new  method  for 
potassium,  for  the  determination  of  the  inorganic  elements  in 
blood  plasma. 

Analyses  of  a  number  of  pathological  plasmas  are  presented 
which,  except  in  nephritis,  show  fairly  normal  values. 

In  view  of  the  limited  nmriber  of  plasmas  analyzed  it  is  hardly 
permissible  to  generalize,  though  it  is  clear  that  marked  variations 
in  the  level  of  inorganic  elements  of  blood  are  quite  exceptional. 
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CONCENTRATION  OF  INSULIN  BY  ADSORPTION 
ON  BENZOIC  ACID. 

By  p.  J.  MOLONEY  and  D.  M.  FINDLAY. 

{From  the  Research  Division,  Connaughl  Antitoxin  Labor atoi'ies,  University 
of  Toronto,    Toronto,   Canada.) 

(Received  for  publication,  July  17,  1923.) 

In  the  preparation  of  insulin  on  a  large  scale,  a  problem  which  is 
of  considerable  importance  is  the  concentration  of  dilute  aqueous 
solutions  of  the  potent  material.  On  account  of  the  expense  and 
loss  of  potency  which  result  in  boiling  down  such  solutions,  it 
seemed  desirable  to  investigate  the  possibilities  of  adsorption. 
It  was  found  that  the  potent  material  could  be  almost  completely 
removed  from  aqueous  solutions  by  certain  materials,  such  as 
decolorizing  carbons,  but  attempts  to  redissolve  the  insulin  from 
the  solid  by  heating,  altering  the  acidity,  using  a  different  solvent, 
etc.,  were  only  partially  successful.^  It  was  decided  to  try  some 
reagent  which  could  be  used  in  a  finely  divided  form,  and  which 
could  be  subsequently  dissolved.  For  this  purpose  certain  or- 
ganic acids,  such  for  example  as  benzoic  and  salicylic,  suggested 
themselves  on  account  of  their  relative  insolubility  in  water  and 
the  fineness  of  division  in  which  they  come  down  when  a  dissolved 
salt  is  treated  with  an  acid. 

If  a  dilute  solution  of  sodium  benzoate  in  an  impure  aqueous 
solution  of  insulin  is  acidified,  finely  divided  benzoic  acid  is  pre- 
cipitated and  carries  down  with  it  a  large  percentage  of  potent 
material.  The  following  is  a  detailed  procedure  for  concentrating 
insulin  by  this  method.  To  1  liter  of  a  crude  aqueous  extract 
50  cc.  of  a  25  per  cent  sodium  benzoate  solution  are  added  and 
the  solution  is  acidified  with  12.5  cc.  of  concentrated  hydrochloric 
acid.  This  is  usually  sufficient  to  saturate  the  solution  with 
benzoic  acid  and  hence  to  give  a  lasting  precipitate;  these  quan- 

^We  have  later  worked  out  a  successful  method  of  removing  insulin, 
from  carbon,  the  details  of  which  will  be  reported  shortly. 
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tities  can  bo  increased  or  diminished  proportionately,  depending  on 
the  amount  necessary  to  give  the  first  lasting  precipitate.  Then 
40  cc.  of  25  per  cent  sodium  benzoate  and  10  cc.  of  concentrated 
hydrochloric  acid  are  added,  and  after  allowing  sufficient  time 
for  complete  precipitation  the  solution  is  filtered.  This  precipitate 
usually  contains  about  two-thirds  of  the  potent  material.  The 
filtrate  is  again  treated  with  40  cc.  of  25  per  cent  sodium  benzoate 
and  10  cc.  of  concentrated  hydrochloric  acid  for  a  second  pre- 
cipitation. This  is  filtered  and  the  resulting  filtrate  reprecipitated 
if  it  still  contains  sufficient  potent  material.  The  benzoic  pre- 
cipitate containing  the  insulin  may  be  washed  on  the  filter  paper 
with  a  saturated  aqueous  solution  of  benzoic  acid.  A  small 
amount  of  potent  material  corncs  off  in  the  wash  water  which 
may  either  be  reprecipitated  along  with  the  mother  liquor,  or 
may  be  collected  and  reconcentrated  separately. 

If  this  method  of  concentration  is  carried  out  on  a  highly 
purified  solution  the  amount  adsorbed  is  not  so  large  as  in  an 
impure  solution.  This  is  probably  due  to  the  relative  size  of  the 
particles  of  benzoic  acid;  the  benzoic  acid  from  the  impure  solu- 
tion giving  more  adsorbing  surface  than  that  from  a  more  purified 
solution. 

Further,  it  is  to  be  noted  that  even  in  very  acid  solutions  the 
potent  material  is  carried  down  in  part.  For  example,  at  pH  1 
one  precipitation  of  a  solution  containing  150  units  of  insulin 
carried  down  40  units  of  potent  material.  This  is  well  out  of 
the  isoelectric  range  for  insulin. 

The  insulin  may  be  recovered  in  aqueous  solution  from  the 
benzoic  precipitate  by  various  methods.  If  the  original  solution 
is  comparatively  free  from  protein  the  benzoic  precipitate  may  be 
treated  directly  with  ether  and  water  to  form  two  layers  in  a 
separating  funnel.  The  benzoic  acid  is  largely  in  the  ether  layer, 
and  the  potent  material  in  the  water  layer.  This  water  layer  is 
washed  with  ether  to  remove  traces  of  benzoic  acid  and 
the  resulting  aqueous  solution  is  then  boiled  under  vacuum  to 
remove  dissolved  ether.  It  was  noted  that  traces  of  ether  had  a 
distinct  opposing  or  retarding  effect  on  the  action  of  insulin 
in  vivo.  If  the  solution  to  be  concentrated  is  grossly  impure, 
then  sufficient  inert  material  will  come  down  with  benzoic  acid 
to  form  a  distinct  jelly  when  the  benzoic  precipitate  is  ethered 
direct^. 
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One  procedure  in  this  case  is  to  make  up  the  moist  precipitate 
to  80  per  cent  with  ethyl  alcohol  which  dissolves  the  insulin  and 
the  benzoic  acid ;  certain  materials  are  allowed  to  settle  out  in  the 
ice  chest  and  the  solution  is  filtered.  The  filtrate  is  boiled  down 
under  vacuum  and  ethered  out  as  before.  Another  method  of 
dealing  with  a  precipitate  which  cannot  be  ethered  directly  is  to 
dissolve  the  precipitate  in  glacial  acetic  acid.  This  solution  is 
filtered  after  standing  in  the  ice  chest  and  either  the  potent 
material  is  precipitated  in  solid  form  by  adding  sufficient  ether, 
or  sufficient  ether  and  water  are  added  so  that  two  layers  form; 
the  water  la^'er  containing  the  insulin.  Traces  of  acetic  and 
benzoic  acids  are  removed  from  the  ac^ueous  solution  by  washing 
with  ether. 

This  method  of  precipitating  insulin  with  benzoic  acid  is  suc- 
cessfully used  in  solutions  containing  5  units  in  each  30  cc,  the 
resulting  solutions  readily  contain  o  units  per  cc.  in  a  highty 
purified  form.  This  method  has  been  used  on  a  large  scale  on 
the  concentrate  from  the  original  alcoholic  extract  of  the  gland. 

COXCLUSIOXS. 

A  new  type  of  adsorbing  reagent  has  been  successfully  used. 
Insulin  is  by  this  means  readih'  concentrated  and  greath"  purified. 


STUDIES  IN  THE  PHYSIOLOGY  OF  MUSCULAR 
EXERCISE. 

V.   OXYGEN  RELATIONSHIPS  IN  THE  ARTERIAL  BLOOD. 

By  HAROLD  E.  HIMWICH  and  DAVID  P.  BARR. 

{From  the  Russell  Sage  Institute  of  Pathology  in  Affiliation  with  the  Second 

Medical   (Cornell)   Division  and  the  Department  of  Pathology  of 

Bellevue  Hospital  and  the  Department  of  Medicine,  Cornell 

University  Medical  College,  New  York.) 

(Received  for  publication,  June  15,  1923.) 

The  preceding  articles  of  this  series  have  dealt  with  the  changes 
in  CO2  and  the  reaction  of  the  blood  resulting  from  short  periods 
of  exercise.  The  concomitant  variations  in  oxygen  capacity, 
oxygen  content,  and  the  satm-ation  of  hemoglobin  are  the  sub- 
jects of  the  present  discussion. 

The  results  of  previous  investigations  are  apparently  contra- 
dictory. Geppert  and  Zuntz  (1)  divided  the  spinal  cord  of  dogs 
in  the  thoracic  region  and  tetanized  their  hind  legs.  Some  of 
the  experiments  were  indecisive,  but  in  one  animal  whose  blood 
was  drawn  before  and  during  exercise  the  oxj-gen  capacity'', 
ox}^gen  content,  and  saturation  of  hemoglobin  increased.  It 
was  inferred  that  arterial  oxA'gen  tension  also  rose.,  Hastings 
(2)  obtained  similar  results  on  all  but  one  of  his  dogs  which  had 
been  running  on  a  treadmill  for  several  hours.  Contrary  evidence 
is  found  in  the  observation  of  Barcroft  and  his  associates  (3j. 
In  this  experiment,  work  was  performed  on  a  bicycle  ergometer 
in  an  atmosphere  of  which  the  partial  pressure  of  oxygen  had 
been  reduced  in  1  week  from  a  sea-level  value  of  160  to  84  mm., 
equivalent  to  an  altitude  of  18,000  feet.  As  a  result  of  exercise 
under  these  conditions  the  calculated  ox^^gen  content  and  tension 
and  the  observed  saturation  of  hemoglobin  diminished.  In 
Harrop's  (4)  convalescent  patient  who  exercised  to  exhaustion 
for  15  minutes  at  sea-level,  a  fall  in  content  in  conjunction  with 
a  rise  in  capacity  yielded  a  greatly  decreased  saturation  of  hemo- 
globin. The  results  obtained  b}^  these  different  observers  may 
be  found  in  Table  I. 
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EXPERIMENTAL. 

The  procedure  employed  in  the  conduct  of  the  experhnents 
was  described  in  detail  in  Paper  I  of  this  series  (5).  Exercise 
consisted  of  short  periods  of  vigorous  work  performed  on  a  Krogh 
bicycle  ergometer.  The  methods  of  analyses  were  those  of  Van 
Slyke  and  Stadie  (6).  The  protocols  of  the  observations  may 
be  found  in  Papers  I  (5),  II  (7),  and  III  (8)  of  this  series. 

Oxygen  Content. — Oxygen  content  was  found  for  blood  drawn 
before,  and  during  or  after  exercise  in  twenty  experiments. 
The  determinations  were  made  in  all  cases  immediately  after 
the  blood  was  drawn.     The  results  are  given  in  Table  II. 

In  every  instance  the  oxygen  content  is  higher  during  and 
after  exertion  than  under  resting  conditions.  The  return  to 
normal  seems  to  be  gradual.  In  H.E.H.,  April  21,  1922,  3  minutes 
after  exercise,  the  content  was  21.8  volmnes  per  cent;  15 
minutes  after,  20.4  volumes  per  cent;  and  in  |  hour,  19.9  volumes 
per  cent.  The  same  phenomenon  is  observed  in  D.C.M.,  in  an 
experiment  not  included  in  the  protocols.  3  minutes  after  exer- 
cise, his  content  was  23.4  and  in  15  minutes  22.2  volumes  per  cent. 

Oxygen  Capacity  and  Saturation  of  Hemoglobin. — As  our  early 
interests  lay  chieflj^  in  the  CO2  capacity  and  the  reaction  of  the 
blood,  the  determination  of  ox^^gen  capacity-  was  left  for  the  last 
when  often  there  was  not  enough  blood  for  the  technique  to  be 
carried  out  on  more  than  one  of  the  two  or  three  samples.  In 
seven  of  the  later  studies,  however,  both  oxj-gen  capacity  and 
content  were  determined  on  each  sample  of  blood.  From  the 
data  the  degree  of  satm'ation  of  hemoglobin  was  calculated. 
The  results  appear  in  Table  III. 

In  all  the  experiments  the  oxj-gen  capacity"  of  the  blood  is 
greater  during  and  after  exercise.  The  capacity  is  increased  in 
blood  drawn  as  early  as  the  2nd  minute  of  exercise  (H.E.H., 
October  27,  1922).  The  results  are  in  accord  with  previous 
observations.  As  long  ago  as  1888,  Cohnstein  and  Zuntz  (9) 
noted  an  increase  in  the  number  of  red  blood  corpuscles  during 
exercise.  Geppert  and  Zuntz  (1)  found  an  increase  in  capacity 
after  tetanization  of  their  dogs.  Hawk  (10),  in  1904,  found  the 
corpuscles  most  numerous  at  the  beginning  of  exercise  (after  | 
to  3  minutes  of  swimming)  with  a  gradual  decrease  as  the  exertion 
continued. 


366 


Muscular  Exercise.     V 


o      u 

iilii 

(N    C5   0   00 

'-;  00  i-H  oi  <N  t^  00 

CO    0    t    lO 

S  o  pC  3 

(M  d  .-i  d 

'-H  d  i-i  d  .-h'  ^  (N 

r-H     T-H     1—4     y—t 

^ 

i^li 

10    0   rJH    0 

0   C;    r}H    IC    ■-<    TfH    t- 

Tf    CI 

^  ^  0  — 1 

GO    0 

C5 

g-s^l 

CVJ    -#    ^    „ 

0  d  !m'  .-'  d  ^  (n' 

CO    (M 

CI    (M    ^'   i-h' 

^'  d 

C5 

«T3  o  ^ 

(M    (M    (M    (M 

C^l    OJ    C^l    (M    !M    (M    !M 

(M    <M 

0    (M    (M    CI 

CJ    C) 

6      " 

m| 

n  u 

c  o 

t^ 

°£ 

0 

• 

-<J      V.           -^           s. 

^,          ^* 

>*             ><             N«             S> 

S*             N. 

^^ 

^ 

C3   "      ~*      "* 

■*          v» 

"'"''"* 

-. 

- 

•ci 

o  o 

O  M 

C 

H 

&5 

P   3 
-3 

•g  ;:    ::    ^ 

«— , 

CO  CO  CO  CO 

CO  CO  CO  CO  CO  CO  CO  ■ 

CO  10 

CO    00    T-i     CO 

CO  to 

s 

o^ 

^^ 

^ 

CO 

c      .; 

cc 

o  g  1 

CO   !-<    •*    (N 

05    <— 1    CO    50    C5    t>.    Oi 

1— 1         0 

^ 

d  CO  d  d 

cc  d  — 1  0  00  ci  C5 

y-*            05 

(M    (N    IM    <N 

T-H    (M    (M    Ca    T-<    i-H    ^ 

0       ^ 

00 

O 

e 

s 

!» 

0) 

e 

o 

M 

'S   0 

o 

O 
X 

S 

o 

«      0 

"o 

.S  '^ 

3 

"b  "  "  " 

T^\^  -HiN  Hn  hIn 

2 

::          3 

s 

C3 
3 

^IM   ^IN   HN      0                 rt[N   M]C^ 

^,^ 

-In           -In 

-<IN 

T3 

CO    CO    IM    CO 

iM  CO  CO  ^  •*  CO  CO 

CO 

CO        CO 

00 

CO 

C    -      ~-      ^ 

-  -.  .  ^.s  -  - 

«3 

C!3 

C3 

s 

S 

bjc^      ,.      .. 

^ 

^ 

^ 

e 

3 

^   -      -      ^ 

^ 

N.                                     V. 

" 

O 

O 

-3; 

0  10  ira  10 

<5  10  10  0  0  0  0 

10 

LO               11 

•^ 

0    C5    t-^    Ci 

00    lO   00    0   >o   t^   (M 

1:^ 

0               LO 

0 

l>j_  io_  o_  o_ 

"*    0    (M    lO    CO    t>    00 

»o 

0        0 

•«       »>       ^       ^       ««       #k 

CO    CO   (N    CO 

CO    CO    CO    T)^    CO    CO 

CO 

CO        CO 

rfi 

QJ 

53     (M    10   t-s.    0 

^     Tj<Ol^(MiOOOiO     s3     CO 

0  15  .0 

rt 

=?5                   T— t                 1— ( 

Oi     C^    Ol           >— 1    1— 1           ""I     ? 

5    c^i 

CO  5 

c^ 

P 

>■         d 

"    fe        ^        c    ^ 

»=5             <!             "-5    < 

> 

^ 

0      -               0      V. 

0 

2          &. 

< 

^ 

1 

h4 

,  K      p5  W  «■  m" 

s' 

4       M 

M 

la 
3 

H  f^'  a  d 

W  W  1-4  pq  w  p;  clh' 

d 

^     w 

H 

02 

Hi    ^    <j    Pl^ 

§■  ffi  §  K  K  fi  Q 

Q 

^       K 

tri 

H.  E.  Himwich  and  D.  P.  Barr 


367 


I^ 

t-. 

00 

-* 

o  o 

to 

^_i 

C^J 

C^) 

C^l 

C5 

" 

' 

d 

d 

(M    CO 

d 

c-i 

1—1 

1—1 

d 

I> 

1> 

^ 

o 

TtH     00 

t^ 

iv 

o 

o 

IM 

o 

o 

O 

00 

00 

i-H     CO 

(M 

(M 

(M 

(M 

r^ 

d 

T-l 

IM    (M 

<M 

<M 

(M 

(M 

(M 

(M 

£3 

fl 

C   ^ 

_3 

g 

;J 

3 

;-^ 

's " 

^ 

s 

C 

s 

C 

03 

CO 

•n 

o 

- 

02 

<s> 

"2 

OS 

^ 

'S 

^ 

'eS 

e3  ^ 

"cS 

— 

'S 

c5 

"rf 

tJO 

fl 

bC 

c 

bE 

^ 

bC 

r-' 

faC 

_a 

c 

_C 

g 

.^ 

^ 

a 

•  ^ 

c 

'C 

's 

"S 

g 

"S   ■• 

s 

"tt 

g 

^ 

g 

s 

3 

3 

3 

Q 

CO 

Q 

CO 

Q 

iQ 

t^ 

Q 

»o 

P 

C^l 

o 

o 

-*    (M 

CO 

ao 

O 

00 

t^ 

CI  d 

d 

o 

d 

r-<     CM 

(>; 

iM 

(M 

6 

o 

o 

QJ 

^ 

73 

tc 

o 

(M 

M* 

C^J 

(M 

CO 

•d 

^ 

^ 

a 

Ri^ 

HIM 

Hie^ 

CO 

^CO 

tp  t^ 

>o 

^ 

CO 

f5 

^, 

^                N* 

^ 

^ 

^ 

"* 

" 

^ 

"* 

^ 

hi 

^ 

t> 

>o 

00  o 

(M 

■* 

00 

§ 

-f 

Ci    '30 

O 

t^ 

o 

^ 

>o 

0_  co_ 

o^ 

'^ 

CO 

CO 

-*  t^ 

O 

•* 

CO 

o 

lO 

Ttl    i-H 

t^ 

CI 

t^ 

c^ 

T-H      <M 

'"' 

(M 

fab 

•■  s 

-f^ 

3 

** 

p.    X 

o 

^ 

•* 

< 

<  ^ 

O 

W 

ffi" 

w  ffl 

M 

w 

f4 

H 

a  t^ 

P^ 

h^ 

N 

w 

KP 

Q 

s 

s 

36S 


^luscular  Exercise.     V 


<a 

C«"     • 

bl 

■^ 

o  CO  >c 

o 

o 

—  0  c 

M'i 

^ 

1-H  ec  .-i 

(N 

(M 

O 

Q 

^ 

8 
1 

CO 

^ 

.^ 

§. 

b 

s 

t^   lO   o 

(M    00 

I^ 

00 

*; 

1 

b-    t^    'O 

iC  »o 

»o 

d 

u>     . 

< 

O    O   Ci 

O    C2 

as 

C5 

'o' 

o  c 

g^ 

U) 

*.. 

.2  o 

c 

Si 

>o 

CO 

T-H 

CO 

2o 

3 

Q 

00 

lO 

CO 

SB 

o> 

Oi 

Ol 

.2 

^ 

a. 

e 

i-<    (M    lO 

(M 

00 

.^_j 

P3 

O    -^    CO 

CO 

'^ 

s 

fe 

05    O    Ci 

o 

05 

=0 

ci 

t^ 

e 

Tf^     r-H     lO 

o 

>o 

11 

^^ 

.-i'    ^    (M 

d 

vi. 

.    w. 

^ 

M 
c 

s 

O 

s 

5^ 

3 

d 

e 

o 

Q 

^ 

tJ 

■g 

C2    (M    GO 

o  t^ 

o 

<r> 

^ 

^  d  CO 

CC    CO 

CO 

< 

(M    C4    (N 

—1    (M 

(N 

c^ 

ft 

c3 

3 

.  e 

o 

CO 

CI 

i 

C 

3 

0 

s 

o 

o 

s 

£ 

.  s 

lo  .-H  CO 

^. 

-H_ 

<^ 

1 " 

d  05  ^ 

c^ 

1— ( 

« 

8. 

(N    --H    (M 

(M 

(M 

fi  c 

J_^ 

■s 

1>   I>   OC 

TtH     — 1 

(M 

05 

o 

•—  o 

0) 

i 

"1 

c  o 

^ 

§  ^ 

r-i    ,-1    C<i 

d  c^' 

'"' 

d 

i>< 

(-1  f~, 

is 

1— . 

.i 

~  8 

I> 

CC 

(N 

(M 

K 

Q& 

3 

°^ 

--1 

d 

"-I 

--I 

.O 

o 

Q 

E 

^o 

.^ 

C 

M 

s 

Tt<    t>.    !>. 

o  t^ 

o 

C5 

0) 

.~;  s 

^ 

■+^ 

g^ 

1-i    05    (M 

00    (M 

(M 

d 

"e 

-4J 

^ 

'^   *- 

<M    rt    (M 

^    C^J 

(M 

(M 

^ 

o 

^ 

'ts 

o 

M 

3 

^  s 

t^ 

Tt< 

o 

(M 

'o  ^ 

d 

GO 

(M 

r-H 

M 

Q_ 

"k 

C-l 

(M 

c^ 

•M 

■<r* 

C 

QJ 

.  =: 

!>    O    O 

O    CO 

00 

O 

^ 

e 

"ffl 

1" 

03-  GO    C5 

i^  d 

d 

d 

a. 

^    (M 

(M 

c^ 

O 

s 

^ 
§. 

00    O    lO 

>o   t^ 

O 

i^ 

O 

?' 

r-4    I— 1 

(M    ^ 

o 

c3 

C; 

fci) 

_^ 

3  ^     ^ 

2      ^ 

;;j 

^ 

,^J~ 

< 

o 

s 

^ 

s 

a 

o 

«  K  «■ 

s  n 

ffi 

IS" 

p.;  H  fii  a  P-; 

fa 

a 

3 

Q  W  Q  ffi  d 

s 

td 

c 

• 

H.  E.  Himwich  and  D.  P.  Barr  369 

As  a  result  of  exercise  both  oxygen  content  and  oxj^gen  capacity 
rise.  It  is  significant  that  the  increase  in  content  is  always 
greater  than  that  of  capacity  though  the  difference  between  the 
rise  in  content  and  capacity  is  in  no  individual  experiment  be- 
yond the  limits  of  experimental  error.  In  all  the  observations, 
however,  a  higher  saturation  of  hemoglobin  is  indicated.  The 
increase  is  possible  because  of  the  fact  that  hemoglobin  is  not 
completely  saturated  at  rest.  Meakins  and  Davies  (11)  ob- 
served an  average  saturation  of  95.3  per  cent  and  Harrop  (4)  of 
95.5.  In  the  five  cases  in  which  we  calculated  oxygen  satura- 
tion before  exercise,  the  average  was  94.4  per  cent. 

Fatiguing  Exercise. — In  addition  to  the  experiments  on  short 
periods  of  work  included  in  Tables  II  and  III,  two  later  obser- 
vations were  made  on  exertion  of  more  fatiguing  character  and 
of  longer  duration.  D.P.B.  (April  18,  1923)  did  stationary 
running  and  vigorous  arm  exercise  for  7  minutes  to  the  point  of 
subjective  fatigue.  The  ox^^gen  content  of  his  blood  rose  from 
21.3  volumes  per  cent  before  exercise  to  21.9  volumes  per  cent 
5  minutes  after  the  exertion.  In  the  other  experiment,  H.E.H. 
(May  17,  1923)  continued  work  of  similar  character  for  14  minutes. 
Oxj^gen  content  was  20.4  volumes  per  cent  before  exercise  and 
20.5  volmnes  per  cent  1  minute  after  the  cessation  of  work. 
The  capacity  rose  from  20.8  to  22.1  volumes  per  cent.  Hence 
the  hemoglobin  saturation  fell  from  98.1  to  92.8  per  cent. 

DISCUSSION. 

Factors  Influencing  Oxygen  Content. — The  results  of  our  experi- 
ments with  short  periods  of  moderate  exertion  are  in  agreement 
with  those  of  Geppert  and  Zuntz  (1)  and  of  Hastings  (2).  In 
all  cases,  following  such  exercise,  there  is  an  increased  arterial 
oxj^gen  content  and  apparently  a  greater  saturation  of  hemo- 
globin in  the  arterial  blood.  Conceivably,  these  results  might  be 
considered  an  evidence  of  ox^-gen  secretion,  but  even  the  protago- 
nists of  this  theory  do  not  claim  that  secretion  exists  in  untrained 
persons  doing  moderate  work  at  sea-level.  An  attempt  at  expla- 
nation on  any  other  basis  must  take  into  account  manj-  of  the 
niunerous  factors  which  determine  the  absorption  and  utilization 
of  or^^gen  in  the  body.  For  the  sake  of  convenience  in  discus- 
sion, these  have  been  presented  diagrammatically  in  Fig.  1. 
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Fig.  1.  Factors  influencing  oxj-gen  content  of  arterial  blood. 
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The  heavily  Hned  squares  of  the  diagram  show  simply  the  gain 
and  loss  of  oxygen  dm'ing  the  circulation  of  the  blood.  Oxygen 
is  lost  in  the  tissues  and  regained  in  the  lungs.  Thus  the  oxygen 
content  of  both  arterial  and  venous  blood  depends  primarily 
upon  the  relative  amounts  of  oxygen  utilized  in  the  tissues  and 
of  oxygen  absorbed  in  the  lungs.  The  utilization  of  oxygen 
(the  amount  diffusing  out  of  each  unit  of  blood  in  the  tissues) 
is  determined  by  the  total  oxygen  diffusion  through  the  systemic 
capillaries  and  by  the  velocity  of  the  blood  stream.  Meakins 
and  Da  vies  (11)  have  demonstrated  that  with  an  increased  blood 
flow,  less  oxygen  is  given  off  from  each  unit  of  blood.  For  the 
present  discussion  it  is  not  necessary  to  consider  the  many  in- 
fluences which  affect  the  total  oxygen  diffusion  in  the  tissues. 
The  absorption  of  oxygen  (the  amount  added  to  each  unit  of 
blood  in  the  lungs)  depends  upon  the  total  volume  of  oxygen 
diffusing  through  the  pulmonary  membrane  per  minute  and  the 
rate  of  blood  flow.  The  greater  the  velocity,  the  larger  will  be 
the  volume  of  blood  to  share  the  incoming  oxygen  and  the  less 
will  be  the  portion  of  each  unit  of  blood. 

Total  diffusion  of  oxygen  in  the  lungs  per  minute  depends  upon 
several  factors  which  are  represented  in  the  diagram:  (1)  the 
pressure  forcing  oxygen  through  the  membrane,  (2)  the  volume 
of  oxygen  the  alveolar  membrane  allows  to  pass  per  minute, 
and  (3)  the  amount  of  oxygen  each  unit  of  blood  is  able  to  retain. 
The  effective  pressure  is  the  difference  between  the  alveolar  oxygen 
tension  and  the  tension  of  the  blood  in  the  lung  capillaries  which 
will  depend  upon  the  venous  and  arterial  tensions.  The  physical 
properties  (permeability,  thickness,  and  area)  of  the  alveolar 
membrane  determine  the  amount  of  oxygen  which  may  pass 
per  unit  time  with  a  given  pressure  difference.  Whatever  the 
permeability  of  an  individual's  alveolar  membrane  may  be,  the 
thinner  it  is  and  the  larger  its  area,  the  greater  will  be  the  amount 
of  oxygen  which  can  diffuse  in  a  given  time.  The  oxygen  retained 
by  each  unit  of  blood  depends  in  small  part  upon  the  solubility 
of  oxygen  in  plasma,  but  much  more  upon  the  combination  of 
oxygen  with  hemoglobin.  The  amount  of  oxygen  with  which 
hemoglobin  may  combine,  is  chiefly  determined  by  its  concen- 
tration, but  is  influenced  b}^  the  reaction  of  the  blood,  a  diminished 
alkalinity  causing  a  decrease  in  the  ox;>^gen-combining  power  of 
hemoglobin  at  any  physiological  tension. 
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Sfwrt  Periods  of  Exercise  at  Sea-Level. — The  increase  in  arterial 
content  found  in  our  experiments  during  and  after  exercise  might 
be  due  to  a  decrease  in  the  oxygen  utiUzation  in  the  tissues  or 
to  an  increase  in  the  oxj^gen  absorbed  in  the  lungs.  The  experi- 
ments of  Zuntz  and  Hagemann  (12),  Krogh  and  Lindhard(13), Lind- 
hard  (14),  and  Douglas  and  Haldane  (15)  demonstrate  that,  in 
spite  of  the  more  rapid  blood  flow  the  utilization  of  oxygen  is 
increased  and  the  mixed  venous  blood  returns  to  the  lungs  with 
a  diminished  load  of  oxygen.  The  greater  arterial  content 
must  be  attributed  to  a  greater  absorption  of  oxygen  by  the 
blood  in  the  lungs.  Furthermore,  the  oxygen  added  must  be 
greater  in  amount  than  that  lost  in  the  tissues.  The  more  rapid 
circulation  rate  during  exercise  tends  to  diminish  the  volume  of 
oxj^gen  which  is  received  by  each  unit  of  blood.  Hence  the  only 
way  to  account  for  a  higher  oxj-gen  content  is  by  a  great  increase 
in  the  total  diffusion  through  the  lung  membrane  per  minute. 
What  factors  tend  to  cause  such  an  increase  in  exercise  at  sea- 
level? 

1.  Each  unit  of  blood  may  be  able  to  retain  more  oxygen.  Our 
experiments  and  those  of  others  have  demonstrated  a  considerable 
increase  in  the  amount  of  hemoglobin  in  the  blood  during  and 
after  exercise.  This  alone  would  tend  to  increase  total  diffusion. 
Its  effect,  however,  is  partly  neutralized  by  the  diminished  alka- 
linity of  the  blood  which  occurs  as  the  result  of  vigorous  exertion. 
The  final  effect  of  these  two  opposing  factors  on  the  oxygen- 
combining  power  at  any  given  tension  must  be  found  by  experi- 
ment. Even  if  the  ability  of  the  blood  to  retain  oxygen  were 
not  diminished  by  an  acidosis,  the  increase  in  capacity  due  to 
the  concentration  of  hemoglobin  could  not  entirely  explain  the 
higher  content,  for  the  increase  in  content  is  greater  than  that  in 
capacity.  The  onlj^  other  way  that  arterial  content  may  rise 
is  by  an  increase  in  the  ox;>^gen  tension  of  the  blood.  Either  of 
the  two  factors  next  to  be  considered  may  raise  arterial  oxygen 
tension. 

2.  Greater  diffusion  may  be  caused  by  a  larger  difference  be- 
tween alveolar  and  blood  tension  of  the  lung  capillaries.  Due 
to  increased  utilization  of  ox^^gen  in  the  tissues,  there  is  always 
a  fall  in  the  tension  of  venous  blood  during  vigorous  exercise. 
Douglas  and  Haldane  (15)  concluded  that  the  greater  diffusion 
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which  occurred  in  their  exercise  experiments  was  largely  the  re- 
sult of  the  fall  in  venous  tension.  The  increase  in  diffusion 
caused  by  falling  venous  tension  can  raise  arterial  tension  at  best 
only  to  the  level  of  that  in  the  alveoli.  On  the  other  hand,  a 
rise  in  alveolar  tension  during  work  might  increase  the  arterial 
above  its  resting  value.  Owing  to  the  technical  difficulties  of 
obtaining  alveolar  samples  during  exercise  the  values  for  alveolar 
oxygen  tension  are  not  known.  Following  exertion,  however, 
the  marked  fall  in  CO2  tension  observed  by  Douglas  and  Hal- 
dane  (16)  and  others  indicates  that  the  oxygen  tension  of  the 
alveolar  air  is  considerably  increased.  With  the  cessation  of 
exercise,  this  may  be  an  important  factor  in  raising  arterial  ten- 
sion and  content. 

3.  The  hyperpnea  of  exercise  may  also  raise  arterial  tension 
by  increasing  the  alveolar  area.  Bohr  (17)  found  that  the 
hyperpnea  of  exercise  produces  a  larger  mean  alveolar  volume 
and  suggests  that  it  is  a  mechanism  for  securing  more  oxygen. 
Krogh  and  Lindhard  (18)  did  not  always  observe  this  increase 
in  the  first  minutes  of  work.  If  there  is  a  larger  volume  which 
is  accompanied  by  a  stretching  of  the  alveolar  membrane,  as 
was  suggested  by  M.  Krogh  (19),  then  the  membrane  becomes 
thinner  and  more  permeable  to  ox3^gen.  A  larger  volume  may 
be  due  to  the  opening  of  more  alveoli  for  according  to  Haldane, 
Meakins,  and  Priestley  (20)  deep  breathing  causes  the  disap- 
pearance of  the  atelectasis  which,  they  say,  exists  in  some  parts 
of  the  lungs  during  the  more  shallow  breathing  at  rest. 

The  preceding  discussion  ma}'-  be  summarized  as  follows: 
With  vigorous  but  not  exhausting  exercise  at  sea-level  certain 
factors  tend  to  diminish  oxj^gen  content  of  arterial  blood,  some 
tend  to  increase  it,  while  the  influence  of  others  is  unknown. 
The  greater  utilization  of  oxygen  in  the  tissues  causes  the  venous 
blood  to  retm-n  to  the  lungs  with  less  oxygen.  This  must  be 
more  than  made  up  by  the  oxygen  diffusion  in  the  lungs.  The 
more  rapid  blood  flow  in  the  puhnonary  circuit  during  exercise  " 
tends  to  diminish  the  volimie  of  oxygen  taken  up  by  each  unit 
of  blood,  hence,  any  rise  in  content  must  be  due  to  an  increased 
total  diffusion  of  oxygen.  Of  the  various  factors  which  influence 
total  diffusion  the  diminished  alkalinity  is  known  to  limit  it, 
while  the  greater  concentration  of  hemoglobin  and  the  diminished 
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oxygen  tension  of  venous  blood  tend  to  raise  it.  The  rise  in 
content  may  also  be  due  in  part  to  an  increase  in  alveolar  area 
and  alveolar  oxygen  tension  as  well  as  to  a  decrease  in  the  thick- 
ness of  the  membrane.  Our  results  for  short  periods  of  moderate 
exercise  at  sea-level  indicate  that  the  factors  which  augment 
oxygen  diffusion  outweigh  the  effect  of  the  increase  in  circula- 
tion rate. 

Exercise  at  Altitudes. — Barcroft  and  his  coworkers  (3)  found  a 
lower  oxygen  content  during  exercise,  a  result  exactly  opposed 
to  ours.  Since  his  work,  however,  was  performed  under  low 
oxA'gen  pressure,  it  seemed  possible  that  the  conditions  may 
have  modified  the  influence  of  the  various  factors  which  have 
been  discussed.  At  altitudes  or  in  a  low  pressure  chamber,  the 
total  diffusion  through  the  lung  membrane  may  not  be  increased 
as  much  by  muscular  exertion  because  many  of  the  mechanisms 
for  securing  a  greater  supply  of  oxygen  during  exercise  at  sea- 
level  are  being  employed  to  obtain  more  oxygen  during  rest  at 
altitudes. 

1.  There  is  a  concentration  of  hemoglobin  at  altitudes  under 
resting  conditions.  The  observations  of  Schneider  and  Havens 
(21,  22)  indicate  that  there  may  be  little  further  increase  in 
hemoglobin  as  the  result  of  short  periods  of  exercise  soon  after 
reaching  a  great  height.  Barcroft's  (3)  oxj-gen  capacity  was  not 
determined  before  exercise,  but  it  is  likely  that  the  increase  which 
resulted  from  exertion  was  less  than  ours.  The  failure  to  in- 
crease hemoglobin  concentration  does  not,  however,  explain 
the  lower  oxygen  content  of  the  arterial  blood.  This  may  be 
accounted  for  by  the  factors  discussed  below. 

2.  The  low  oxygen  pressure  at  altitudes  produces  an  hyperpnea 
during  rest.  If  this  increases  the  mean  alveolar  volume  at  rest, 
the  possible  rise  due  to  work  is  diniinished.  Alveolar  surface 
may  not  increase  to  the  same  degree  as  at  sea-level.  In  a  similar 
manner  any  increase  in  alveolar  tension  and  decrease  in  thick- 
ness of  the  membrane  are  limited. 

3.  Another  compensation  for  acquiring  oxygen  during  rest 
at  altitudes  is  a  decrease  in  venous  oxj^gen  tension.  Doi  (23) 
has  shown  that  the  saturation  of  hemoglobin  in  arterial  and 
mixed  venous  blood  decreased  with  a  diminishing  oxygen  con- 
tent of  the  inspired  air.     The  resting  tension  of  Barcroft's  mixed 
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venous  blood  must  have  been  lower  than  at  sea-level.  Under 
these  circumstances,  venous  tension  might  fall  to  a  minimum 
even  with  a  small  amount  of  work.  With  more  vigorous  exer- 
tion, the  additional  oxygen  may  be  no  more  than  sufficient  for 
the  greater  needs  of  the  tissues,  with  the  result  that  the  venous 
blood  remains  at  a  minimum.  After  this  stage,  the  pressure 
difference  in  the  lungs  and  the  total  diffusion  of  oxygen  is  no 
longer  increased  by  falling  venous  tension.  The  same  amount 
of  oxygen  passing  the  membrane  is  diffused,  because  of  the  more 
rapid  blood  flow,  into  a  greater  volume  of  blood.  There  is  a 
resulting  decrease  in  arterial  tension  and  content. 

The  fall  in  arterial  tension  tends  to  improve  diffusion.  How- 
ever, the  increase  in  the  rate  of  diffusion  from  this  cause  is  slight 
because  the  pressure  difference  between  alveolar  and  arterial 
tensions  is  small. 

These  deductions  are  based  on  the  data  of  Barcroft  and  his 
coadjutors  (3)  and  an  analysis  of  the  factors  shown  in  Fig.  1. 
M.  Krogh  (19),  in  1915,  gave  a  similar  explanation  for  the  results 
of  Douglas,  Haldane,  Henderson,  and  Schneider  (24)  at  Pike's 
Peak  even  though  at  that  time  direct  determinations  of  the 
oxygen  content  of  the  arterial  blood  were  not  available. 

Though  arterial  tension  falls,  the  other  factors  which  improve 
diffusion  at  sea-level,  the  increased  concentration  of  hemoglobin, 
diminished  venous  tension,  greater  alveolar  surface,  and  tension 
and  diminution  of  the  thickness  of  alveolar  membrane,  are  less 
active  at  altitudes.  The  increase  in  total  diffusion  is  not  £ls  great, 
while  the  blood  flow  may  be  as  rapid,  as  it  is  for  an  equivalent 
amount  of  work  at  sea-level.  It  appears  that  arterial  content 
is  chiefly  determined  by  the  opposing  effects  of  total  oxygen 
diffusion  and  the  rate  of  blood  flow.  When  the  diffusion 
increases  more  than  the  circulation  rate,  as  in  the  experiments 
at  sea-level,  the  oxygen  content  of  arterial  blood  rises.  When 
the  blood  flow  increases  to  a  greater  degree  than  diffusion,  as 
in  Barcroft's  observation,  a  fall  in  arterial  content  results. 

Severe  Exertion  at  Sea-Level. — The  fall  in  arterial  content  at 
altitudes  indicates  that  the  circulation  rate  continues  to  increase 
after  diffusion  has  reached  a  maximum.  Does  the  same  phenom- 
enon obtain  under  any  circumstances  in  the  normal  man  at  sea- 
level? 
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There  is  evidence  that  with  continued  severe  exertion-  there 
may  be  a  reduction  in  oxygen  tension  and  saturation  of  hemo- 
glolnn,  and  even  of  content.  In  three  experiments  on  Dog;  H 
who  was  a  i")Oor  runner,  Hastings  (2)  could  never  obtain  a  higher 
content,  and  in  one  determination  the  content  fell  0.5  volume 
per  cent.  HaiTop  (4)  found  a,  decrease  of  3.1  volumes  per  cent 
in  arterial  content  after  15  minutes  of  severe  exertion. 

D.P.B.  (April  18,  1923)  exercised  strenuously  for  7  minutes. 
The  oxygen  content  in  l)lood  drawn  about  5  minutes  after  exer- 
tion rose  O.G  volume  per  cent.  This  is  in  contrast  to  a  previous 
result  of  D.P.B.  (June  21,  1922).  Here,  too,  the  blood  was 
drawn  5  minutes  after  7h  minutes  of  exercise,  but  the  work  was 
of  a  less  strenuous  character.  The  content  increased  2.5  volumes 
per  cent.  It  is  interesting  to  note  that  for  the  less  exhausting 
work  the  same  subject's  average  increase  in  content  was  2.2 
volumes  per  cent  with  a  minimum  of  1.7  volumes  per  cent. 

In  the  experiment  on  H.E.H.  (May  17,  1923)  when  severe 
exertion  was  continued  for  14  minutes,  there  was  no  change  in 
the  oxygen  content  of  arterial  blood  taken  during  the  2nd  minute 
after  exercise.  The  oxygen  capacity  increased  as  usual  so  that 
the  saturation  of  hemoglobin  decreased.  The  latter  fact  indi- 
cates that  the  oxygen  tension  diminished. 

The  complete  evidence  for  moderate  and  severe  exertion  at 
sea-level  seems  to  warrant  the  following  hypothesis:  The  value 
of  arterial  content  goes  through  two  stages — a  rise  and  a  fall. 
At  first  diffusion  improves  more  rapidly  than  the  circulation  rate, 
and  arterial  content  rises.  As  diffusion  approaches  a  maximum 
it  increases  more  slowly,  so  that  a  continued  increase  in  circula- 
tion gradually  lowers  arterial  content,  and  with  severe  and  pro- 
longed exertion  the  content  may  be  reduced  even  below  its  rest- 
ing value.  In  this  case,  exertion  may  be  limited  because  of  an 
insufficxnt  diffusion  of  oxygen  through  the  membrane  rather 
than  because  of  an  inadequate  circulation  rate. 

The  discrepancy  in  the  findings  in  the  literature  occurs  because 
some  observations  were  obtained  in  the  first  stage  and  others 
in  the  second.  The  difference  between  the  results  at  altitude 
and  sea-level  is  due  to  the  fact  that  diffusion  cannot  achieve  as 
great  a  maximum  at  altitudes.  Hence,  the  second  stage  is  at-j 
tained  with  the  comparatively  slow  circulation  produced  by  a| 
smaller  amount  of  work.  i 
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Anoxemia  and  Hyperpnea. — Harrop's  (4)  ol)servation  upon  the 
effect  of  exhaustive  exercise  lends  support  to  the  view  that  work 
may  produce  an  arterial  anoxemia  which  maj^  stimulate  the  re- 
spiratory center.  Our  findings  with  severe  exertion  and  Bar- 
croft's  results  at  altitudes  are  susceptible  to  the  same  interpreta- 
tion. In  all  these  experiments  a  fall  in  arterial  oxygen  tension 
is  indicated.  On  the  other  hand,  the  findings  of  Geppert  and 
Zuntz  (1)  and  Hastings  (2)  as  well  as  our  own  observations  with 
less  exhausting  exercise  show  that  during  vigorous  exertion  at 
sea-level  diffusion  may  be  increased  to  such  an  extent  that  both 
O2  content  and  tension  rise  in  the  arterial  blood.  In  these  oIj- 
servations  no  part  of  the  hyperpnea  can  be  explained  by  an  arterial 
anoxemia. 

SUMMARY   AND    CONCLUSIONS. 

1.  In  twenty  experiments  on  normal  men  at  sea-level,  doing 
short  periods  of  vigorous  work  on  a  bicj^cle  ergometer,  oxygen 
content  rose  above  the  resting  value  during  and  after  exercise. 

2.  In  seven  experiments,  both  oxygen  capacity  and  oxygen 
content  were  determined.  There  was  a  rise  in  both  after  exertion, 
but  the  content  was  increased  more  than  the  capacity,  indicating 
a  greater  degree  of  oxygen  saturation  in  the  arterial  blood. 

3.  Since  both  oxygen  content  and  saturation  of  hemoglobin 
are  higher  after  vigorous  exercise,  no  part  of  the  hyperpnea  from 
exertion  in  these  experiments  can  be  attributed  to  an  anoxemia 
in  the  arterial  blood. 

4.  In  two  experiments,  the  effect  of  more  fatiguing  exertion 
was  observed.  In  one  there  was  a  slight  rise  in  content  in  blood 
drawn  during  the  5th  minute  after  exercise.  In  the  other,  the 
content  was  the  same  in  the  2nd  minute  after  exercise  as  before. 
The  capacity  rose  as  usual  so  that  the  saturation  of  hemoglobin, 
and  presumably  the  oxj^gen  tension,  decreased. 

5.  In  exhausting  exercise  it  is  possible  that  an  anoxemia  in  the 
arterial  blood  may  play  a  part  in  the  causation  of  hyperpnea. 

6.  The  conflicting  results  in  the  literature  may  be  explained 
by  the  following  hj^pothesis:  During  exercise,  arterial  content 
is  chiefly  determined  by  the  opposing  effects  of  oxygen  diffusion 
in  the  lungs  and  the  velocity  of  the  blood  stream.  In  the 
normal  man,  arterial  content  may  go  through  two  stages  if  the 
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exertion  is  severe.  Early  in  exercise  diffusion  improves  more 
rapidly  than  the  circulation  rate,  and  arterial  content  rises. 
Later,  diffusion  increases  slowly,  so  that  the  continued  rise  in 
circulation  rate  reduces  arterial  content.  It  is  possible  that  the 
severit}^  of  the  exercise  which  a  normal  individual  will  tolerate 
may  be  determined  by  the  amount  of  oxygen  which  can  diffuse 
through  the  limg  membrance  rather  than  by  the  capabilities  of 
the  circulation. 
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Wliile  a  considerable  amount  of  work  has  been  done  on  the 
influence  of  the  ingestion  of  non-purine  foods  upon  the  endog- 
enous purine  metaboHsm,  most  of  the  experiments  have  been 
carried  out  upon  human  subjects,  probably  because  short  and 
accurate  methods  have  been  available  for  the  determination  of 
uric  acid,  the  end-product  of  purine  metabolism  in  man.  For 
allantoin,  on  the  other  hand,  the  methods  of  determination  are 
long  and  tedious  and  probabb/  not  as  accurate  as  the  methods 
for  uric  acid.  A  review  of  the  literature  shows  that  comparatively- 
few  studies  have  been  made  on  the  relation  of  diet  to  the  endog- 
enous purine  metabolism  of  those  animals  which  excrete  allantoin 
as  the  final  purine  catabolite. 

The  greater  part  of  the  work  which  has  been  done  on  the  factors  which 
influence  allantoin  excretion  has  been  concerned  chiefly  with  an  effort 
to  find  definite  precursors  of  the  purine  bodies,  ^ince  histidine  and  allan- 
toin both  contain  the  glyoxaline  ring  Abderhalden  and  his  pupils  (1) 
thought  that  a  synthesis  of  allantoin  might  follow  the  ingestion  of  histidine. 
The  administration  of  10  gm.  of  histidine  hydrochloride  per  os  to  a 
dog  failed  to  increase  appreciably  the  elimination  of  allantoin.  Ackroyd 
and  Hopkins  (2),  on  the  other  hand,  showed  that  the  removal  of  histidine 
and  arginine  from  the  diet  of  growing  rats  caused  a  marked  loss  in  body 
weight,  accompanied  by  a  decreased  elimination  of  allantoin.  The  addi- 
tion of  histidine  and  arginine  to  the  diet  caused  a  renewal  of  growth 
and  an  increase  in  allantoin  excretion.  There  was  some  decrease  in  allan- 
toin elimination  when  one  of  the  acids  was  removed,  but  not  so  much  as 

*  An  abstract  in  part  of  a  thesis  submitted  by  A.  A.  Christman  in  partial 
fulfillment  of  the  requirements  for  the  degree  of  Doctor  of  Philosophy  in 
the  Graduate  School  of  the  University  of  Illinois. 
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when  both  acids  were  absent  from  the  diet.  A  diet  deficient  in  its  trypto- 
phane content,  while  it  caused  nutritional  failure,  did  not  appreciably 
influence  allantoin  excretion.  From  these  experiments,  the  authors 
concluded  that  arginine  and  histidine  were  synthesized  to  purines.  Hard- 
ing and  Young  (3)  noted  a  marked  increase  in  the  excretion  of  allantoin  in 
puppies  when  the  protein  of  the  diet,  previously  supplied  by  meat  powder, 
was  changed  to  protein  prepared  from  placenta.  Since  the  total  nitrogen 
excretion  on  both  diets  was  about  the  same,  they  considered  the  factor  of 
stimulation  by  amino-acids  to  be  negligible.  A  chemical  analysis  of  the 
two  proteins  showed  that  they  differed  little  in  preformed  purine  content, 
but  that  the  placental  material  was  much  richer  in  arginine  and  histidine. 
Hence  these  authors  concluded  that  their  work  was  in  accord  with  that  of 
Ackroyd  and  Hopkins  in  demonstrating  that  arginine  and  histidine  form 
the  raw  material  for  the  sj'nthesis  of  the  purine  ring. 

It  is  now  agreed  that  in  man,  the  ehmination  of  endogenous 
uric  acid,  the  end-product  of  purine  metabolism,  is  not  a  constant 
quantity  but  varies  with  the  kind  and  amount  of  food  ingested, 
even  though  the  food  be  largely  free  from  purine.  Proteins 
ingested  in  large  amounts  may  cause  a  considerable  increase  in 
the  endogenous  uric  acid  elimination,  while  fats  and  carbohy- 
drates exert  a  less  marked  influence.  A  careful  study  of  the 
influence  of  protein  and  its  hydrolytic  products,  the  amino-acids, 
upon  uric  acid  excretion  has  been  made  by  one  of  us  (4).  It  was 
demonstrated  that  amino-acids  influence  uric  acid  excretion  in  a 
manner  similar  to  proteins,  which  would  seem  to  rule  out  the . 
work  of  the  digestive  glands  as  an  important  factor.  It  was 
suggested  that  the  effect  is  due  to  a  general  stimulation  of  cellular 
metabolism  by  amino-acids  or  their  products  of  catabolism.  Rose 
(5)  has  recently  discussed  this  theory  and  has  submitted  evidence 
in  its  support  as  have  also  Gibson  and  Doisy  (6). 

In  view  of  these  studies  on  man  and  since  there  is  little  in  the 
literature  relative  to  the  excretion  of  allantoin  after  high  protein 
diets  or  amino-acid  ingestion,  it  has  seemed  of  interest  to  study 
this  further  by  the  administration  of  proteins  and  amino-acids  to 
rabbits  and  the  determination  of  their  effect  on  allantoin  elimina- 
tion. It  was  thought  that  results  might  be  obtained  which 
would  be  of  value  in  connection  with  the  comparative  chemistry 
of  purine  metabolism. 

The  experiments  have  shown  that  in  the  organism  of  the  rabbit, 
ike  ingestion  of  considerable  amounts  of  amino-acids  {glycine, 
alanine)   resulted  in  a  marked  drop   in  the  daily  elimination  of 
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allantoin,  a  result  which  is  entirely  different  from  that  obtained 
in  man,  in  whom  the  ingestion  of  amino-acids  increased  the 
excretion  of  uric  acid,  which  has  a  metabolic  significance  in  man 
similar  to  that  of  allantoin  in  the  rabbit, 

EXPERIMENTAL. 

The  first  series  of  experiments  reported  in  this  paper  was  carried 
out  in  the  spring  of  1922  and  a  second  series  in  the  spring  of  1923. 
In  the  earlier  studies  allantoin  was  determined  by  Harding 
and  Young's  (3)  modification  of  the  method  of  Plimmer  and 
Skelton  (7).  The  results  which  were  obtained  in  the  first  experi- 
ments were  so  unexpected,  that  it  was  considered  advisable  to 
repeat  the  work  with  another  and  possibly  more  accurate  method 
for  the  estimation  of  allantoin.  Accordingly,  the  determinations 
of  allantoin  in  the  later  studies  were  made  by  the  Handovsky 
(8)  modification  of  the  method  of  Wiechowski  (9). 

Each  sample  of  urine  in  the  first  series  (Tables  I  to  IV)  was  analyzed 
daily  for  total  nitrogen,  urea  and  ammonia  nitrogen,  "Folin"  nitrogen, 
creatinine,  and,  in  some  experiments,  uric  acid.  Total  nitrogen  was  deter- 
mined by  the  Kjeldahl-Gunning  method;  creatinine,  which  was  used  as 
a  check  on  the  completeness  of  the  collection  of  the  urine,  by  the 
micro  method  of  Folin;  and  uric  acid,  by  the  method  of  Morris  and 
Macleod  (10) .  10  cc.  of  urine  were  used  in  the  latter  determination  because 
of  the  small  amount  of  uric  acid  in  rabbit  urine.  The  "Folin"  nitrogen  was 
determined  by  the  Harding  and  Young  (3)  procedure.  The  term,  "Folin" 
nitrogen,  as  used  in  this  study  refers  to  the  nitrogen  determined  by  the 
magnesium  chloride-hj'drochloric  acid  hydrolysis  in  the  Folim  (11)  pro- 
cedure for  the  estimation  of  urea.  It  has  been  shown  that  this  treatment 
not  only  hydroh^zes  urea  but  allantoin  as  well.  The  ammonia  formed  in 
the  reaction  together  with  the  preformed  ammonia  is  distilled  from  alkaline 
solution  into  an  excess  of  standard  acid  and  the  amount  of  nitrogen  deter- 
mined. The  urea  and  ammonia  were  determined  by  the  urease  method  of 
Van  Slyke  and  Cullen.  The  difference  between  the  "Folin"  nitrogen  and 
the  urease  nitrogen  gives  a  measure  of  the  allantoin  nitrogen. 

The  method  as  outlined  by  Harding  and  Young  (3)  was  followed  closely 
with  two  exceptions.  An  ordinary  thistle  tube  was  attached  to  the  upper 
end  of  the  condenser,  but  the  bent  glass  tube  at  the  top  of  the  thistle  tube 
was  omitted  since  our  experiments  did  not  show  it  to  be  of  any  value. 
The  thistle  tube  was  not  put  in  place  until  the  contents  of  the  flask  were 
evaporated  to  the  point  of  foaming. 

In  order  to  test  out  the  accuracj^  of  the  method  for  the  deter- 
mination of  allantoin,  a  number  of  analyses  were  made  on  mix- 
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tures  of  pure  allantoin  and  other  urinary  constituents.  It  was 
found  that  the  allantoin  in  solutions  of  allantoin  and  urea  could 
be  quantitatively  recovered,  l)ut  that  a  small  amount  of  creatinine 


Rabbit  A,  male,  white. 
15  gm.  of  hay. 


TABLE  I. 
Daily  diet:  100  cc.  of  milk,  25  gm.  of  oats,  and 


Date. 


19gZ 

Mar.  31 

Apr.  1 

"  2 

"  3 

"  4 

"  5 

"  6 

"  7 


.     "  10 

"  11 

"  12 

"  13 

"  14 

"  15 

"  16 

"  28 

"  29 

"  30 

May  1 

"  2 

"  3 

"  4 

"  5 

"  6 


Weight. 

Total 

N. 

Urea 

N. 

Allan- 
toin. 

Creati- 
nine. 

kg. 

mg. 

mg. 

mg. 

mg. 

2.50 

912 

805 

70 

136 

2.50 

897 

791 

66 

153 

2.50 

844 

751 

53 

150 

2.52 

849 

737 

79 

141 

2.52 

1,274 

1,087 

30 

143 

2.52 

1,596 

1,346 

0 

127 

2.53 

942 

845 

49 

145 

2.52 

926 

805 

83 

142 

2.53 

1,018 

902 

71 

141 

2.52 

867 

761 

74 

138 

2.52 

1,695 

1,521 

117 

179 

2.52 

1,818 

1,703 

65 

150 

2.55 

1,848 

1,732 

29 

128 

2.56 

1,082 

956 

86 

129 

2.56 

1,131 

1,010 

67 

137 

2.56 

978 

894 

47 

137 

2.56 

1,008 

896 

52 

140 

2.56 

954 

830 

71 

141 

2.57 

936 

816 

68 

144 

2.57 

969 

855 

69 

144 

2.60 

909 

797 

72 

132 

2.60 

1,359 

1,249 

7 

137 

2.61 

1,360 

1,243 

26 

138 

2.60 

827 

710 

65 

137 

2.60 

933 

816 

55 

140 

2.60 

879 

755 

71 

137 

Remarks. 


5  gm.  glyeocoll. 

5  "  " 


10  gm.  gelatin. 
10  " 
10  " 


5  gm.   glutamic   acid  as  the 

sodium  salt. 
5   gm.    glutamic   acid   as   the 

sodium  salt. 


nitrogen  was  also  broken  down  in  the  h3'drol\^tic  treatment,  when 
the  latter  constituent  was  added  to  a  mixture  of  the  first  two. 
Allantoin  added  to  urine  was  also  quantitatively  recovered. 
During  the  course  of  the  experiments,   it  occurred  to  us  that 
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certain  results  which  were  obtained  might  be  due  to  an  inaccuracy 
of  the  method,  when  the  urea  nitrogen  was  doubled  and  the  allan- 
toin  nitrogen  presumably  remained  the  same.  To  test  out  this 
point,  a  sample  of  rabbit  urine  was  analyzed  for  total  nitrogen, 
"Folin"  nitrogen,  and  urease  nitrogen.  Then  urea  was  added 
to  approximately  double  the  nitrogen  content  of  the  urine  and  the 

TABLE  II. 
Rabbit  B,  male,  blue-grey.     Daily  diet:  100  cc.  of  milk,  25  gm.  of  oats, 
and  15  gm.  of  hay. 


Date. 

Weight. 

Total 

N. 

Urea 

N. 

Uric 
acid. 

AUan- 
toin. 

Creati- 
nine. 

Remarks. 

192g 

kg. 

mg. 

mg. 

mg. 

mg. 

mg. 

Apr.  27 

2.10 

870 

741 

65 

105 

"    28 

2.12 

800 

686 

51 

98 

"    29 

2.15 

8* 

764 

71 

115 

"    30 

2.13 

765 

644 

58 

98 

May    1 

2.13 

1,482 

1,332 

71 

95 

10  gm.  gelatin. 

"      2 

2.20 

1,863 

1,730 

31 

120 

10   " 

"      3 

2.20 

1,770 

1,642 

39 

107 

10  " 

"      4 

2.17 

852 

724 

90 

102 

. 

"      5 

2.15 

899 

758 

55 

112 

"      6 

2.15 

855 

738 

63 

97 

"      7 

2.12 

841 

724 

69 

101 

"    15 

2.23 

887 

769 

4.3 

70 

107 

"    16 

2.20 

899 

783 

4.6 

77 

107 

u    17 

2.20 

936 

830 

4.7 

50 

120 

"    18 

2.20 

1,206 

1,110 

4.4 

13 

101 

5  gm.  glutamic  acid 
the  sodium  salt. 

as 

"    19 

2.23 

1,289 

1,172 

5.8 

14 

100 

5  gm.  glutamic  acid 
the  sodium  salt. 

as 

"    20 

2.23 

946 

843 

5.6 

26 

105 

"    21 

2.23 

833 

741 

4.9 

25 

100 

"    22 

2.20 

870 

766 

4.7 

56 

103 

"    23 

2.25 

864 

788 

6.7 

70 

110 

"    24 

2.25 

854 

796 

7.4 

64 

113 

analysis  repeated.  The  amount  of  allantoin  found  was  the  same 
in  both  cases.  From  these  experiments  it  was  concluded  that  the 
method  of  Harding  and  Young  was  sufficiently  accurate  for 
metabolism  studies  although  the  figures  for  allantoin  might  be 
somewhat  high  due  to  the  partial  hydrolysis  of  creatinine  or 
other  urinary   constituents.     This  error,   however,   would   vary 
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little  from  day  to  day,  as  the  oxcrction  of  creatinine  is  usually 
constant.  In  addition  to  tiie  (luantitative  tests  a  qualitative 
tCvSt  for  sugar  Avas  made  ))v  the  Benedict  method.  Plimmer  and 
Skelton  (7)  have  pointed  out  that  a  modification  of  their  method 
must  be  used  if  sugar  is  present  in  tlie  uiine  as  the  sugar  causes 
the   formation    of   humin    nitrogen    and    gives   low   results.     No 


Kiil)I)i(  C,  male,  grey, 
15  gm.  of  hay. 


TABLE  III. 

Daily  diet:  100  cc.  of  milk,  25  gm.  of  oat.s,  and 


Date. 

Weight. 

Total 

N. 

Urea 

N. 

Uric 
acid. 

Allan- 
toin. 

Creati- 
nine. 

Remarks. 

1022 

/.YA 

m(i. 

ma- 

mo. 

mil- 

ma- 

May 19 

2.21 

891 

788 

6.8 

83 

im 

"     20 

2.23 

865 

744 

7.0 

77 

108 

• 

"     21 

2.25 

884 

780 

6.8 

69 

98 

"      22 

2.23 

920 

810 

7.4 

58 

110 

"     23 

2.22 

1,589 

1,498 

9.2 

26 

112 

10  gm 

gelatin. 

"     24 

2.22 

1,662 

1,578 

10.0 

18 

105 

10  " 

<< 

"     25 

2.25 

1,832 

1,726 

11.0 

45 

110 

10  " 

a 

"     26 

2.2(5 

1,906 

1,809 

13.2 

25 

107 

10  " 

te 

"      27 

2.27 

920 

821 

8.6 

82 

98 

"     28 

2.27 

884 

774 

8.6 

88 

113 

"      30 

2.25 

943 

838 

8.8 

82 

101 

"      31 

2.25 

870 

774 

7.9 

50 

95 

June    1 

2.26 

1,626 

1,576 

7.6 

25 

82 

3  gm. 

urea. 

"        2 

2.25 

1,855 

1,784 

7.8 

14 

100 

3   " 

" 

"        3 

2.27 

1,515 

1,471 

8.6 

18 

98 

3   " 

<< 

"       4* 

2.25 

541 

491 

8.4 

6 

74 

"       5 

Animal  die 

d. 

*  Sample  probably  not  comi)lete  for  this  date. 


reduction  of  Benedict's  solution  greater  than  that  given  by  normal 
urines  was  given  by  any  of  the  urines  analyzed  in  this  study. 

In  the  latter  part  of  the  work  (Ta))les  V  to  IX),  as  already 
stated,  the  Handovsky  (8)  modification  of  the  method  of 
AViechowski  (9)  was  used  for  the  determination  of  allantoin.  The 
procedure  finally  adopted  for  the  detoinination  of  allantoin  was 
as  follows: 
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The  24  hour  sample  of  urine  was  diluted'  to  a  volume  of  250  cc.  100  cc. 
portions  of  the  diluted  urine  were  treated  with  5  cc.  of  glacial  acetic  acid 
and  50  cc.  of  1  per  cent  sulfuric  acid  and  made  up  to  a  volume  of  250  cc. 
This  entire  volume  was  treated  with  10  gm.  of  phosphotungstic  acid  and 
allowed  to  stand  for  several  hours.  The  resulting  filtrate  gave  no  precipi- 
tate with  phosphotungstic  acid  except  on  long  standing.  The  bulk  of  the 
filtrate  from  the  phosphotungstic  acid  precipitate  was  then  treated  with 
lead  oxide  (PbO)  until  a  creamy  white  precipitate  settled  out  leaving  a 
clear  supernatant  liquid.  This  solution  after  filtration  gave  no  precipitate 
with  basic  lead  acetate  and  reacted  slightly  alkaline.     As  a  rule  175  cc. 

TABLE  IV. 
Rabbit  D,  male,  black.     Daily  diet:  100  cc.  of  milk,  25  gm.  of  oats, 
and  15  gm.  of  hay. 


Date. 

Weight. 

Total 

N. 

Urea 

N. 

Uric 
acid. 

AUan- 
toin. 

Creati- 
nine. 

Remarks. 

W2i 

kg. 

ma. 

mg. 

mg. 

mg. 

mg. 

June  24 

2.30 

522 

433 

5.5 

90 

T2 

"      25 

2.30 

865 

754 

9.0 

92 

105 

"      26 

2.00 

815 

697 

9.8 

83 

99 

"      27 

2.00 

825 

699 

7.7 

67 

99 

"      28 

2.10 

1,819 

1,689 

18.6 

17 

111 

2.5  gm.  urea. 

"      29 

2.00 

1,771 

1,554 

8.5 

8 

96 

2.5     " 

"      30 

1.98 

813 

702 

8.1 

59 

104 

July     1 

].9S 

636 

537 

9.4 

76 

89 

"       2 

1.97 

801 

677 

10.3 

95 

98 

"        3 

2.00 

1,350 

1,123 

10.5 

2.9 

94 

5.0  gm.  glvcocoll. 

4 

2.10 

1,464 

1,054 

10.8 

55.0 

87 

5.0    " 

"       5 

1.98 

884 

813 

6.6 

21.0 

91 

"        6 

2.00 

686 

585 

8.5 

87.0 

92 

. 

"       7 

1.98 

727 

622 

9.0 

66.0 

88 

of  this  filtrate  were  recovered.  The  chlorides  were  next  removed  by  the 
addition  of  5  cc.  of  glacial  acetic  acid  and  20  cc.  of  a  solution  of  silver 
acetate.  After  filtration  the  heavy  metals  were  precipitated  with  hydrogen 
sulfide  and  the  sulfides  were  filtered  off.  The  excess  of  hydrogen  sulfide 
was  removed  by  aeration  and  the  solution  was  neutralized  with  calcium 
carbonate  (Baker's  c.p.).  The  solution  was  again  filtered  to  remove  the 
excess  of  calcium  carbonate  and  the  filtrate  was  then  aerated  with  air 
free  from  carbon  .dioxide,  to  remove  the  excess  of  carbon  dioxide.  This 
solution  gave  no  precipitate  with  either  phosphotungstic  acid,  basic  lead 
acetate,  or  silver  acetate.     As  a  rule  100  cc.  of  this  filtrate  were  treated 


^  Urea  determinations  were  made  on  the  urines  of  the  experimental  days. 
In  no  case  was  the  concentration  of  urea  in  the  diluted  urines  greater  than 
that  recommended  for  the  determination  of  allantoin  by  Wiechowski. 
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with  100  cc.  of  the  reagent  used  for  the  precipitation  of  allantoin  (0.5  per 
cent  mercuric  acetate  in  20  per  cent  sodium  acetate).  After  30  minutes 
the  solution  was  filtered  and  50  cc.  portions  of  the  filtrate  were  titrated 
with  0.1  N  potassium  thiocj'anate  to  determine  the  excess  of  mercuric  ace- 
tate in  the  filtrate.  None  of  the  filtrations  was  made  by  suction  and  con- 
sequently smaller  aliquots  of  the  original  volume  were  recovered  than  would 
have  otherwise  been  obtained.  100  cc.  of  the  filtrate,  before  the  addition 
of  the  mercury  reagent,  represents  seven-twentieths  of  the  original  volume 
of  urine  taken  for  analysis  (100  cc). 


Rabbit  3,  male,  black. 


TABLE  V. 
Daily  diet:  125  cc.  of  milk  and  30  gm.  of  oats. 


Date. 

Weight. 

Allantoin. 

Creatinine. 

Remarks. 

1923 

kg. 

niQ. 

mg. 

Mar.  30 

2.70 

187 

87 

"      31 

2.70 

150 

53 

Apr.     1 

2.70 

138 

76 

2 

2.70 

184 

83 

3 

2.70 

184 

78 

10  gm.  pelatin. 

4 

2.70 

187 

89 

10  " 

"       5 

2.70 

187 

75 

G 

2.70 

143 

71 

7 

2.75 

136 

64 

8 

2.70 

87 

77 

5  gm.  glycocoll. 

9 

2.75 

16 

74 

5    " 

"      10 

2.70 

174 

72 

"      11 

2.75 

143 

72 

"      12 

2.70 

142 

75 

"      13 

2.70 

163 

78 

"      14 

2.70 

109 

75 

5  gm.  urea. 

"      15 

2.70 

109 

71 

5  " 

"      16 

2.70 

118 

67 

"      17 

2.70 

Sample  lost. 

"      18 

2.70 

157 

75 

"      19 

2.70 

143 

69 

"      20 

2.65 

149 

73 

"      21 

2.65 

120 

75 

5  gm.  alanine. 

"      22 

2.65 

108 

78 

5  " 

"      23 

2.65 

127 

75 

"     24 

2.65 

150 

75 

"      25 

2.65 

161 

73 

Prior  to  the  use  of  the  method  for  the  metabohsm  studies, 
nuinerous  experiments  were  conducted  to  test  out  the  accuracy  of 
the  method.     It  was  shown  that  when  pure  allantoin   solutions 
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were  treated  with  an  excess  of  the  precipitating  reagent,  the 
allantoin  could  be  quantitatively  recovered.  However,  when 
allantoin  was  added  to  human  urine  and  the  analysis  carried  out 
as  described  previously,  the  recoveries  averaged  from  85  to  95 
per  cent.     It  was  considered  possible  that  the  final  filtrate  from 

TABLE  VI. 

Rabbit  4,  male,  black.    Daily  diet:  125  cc.  of  milk  and  30  gm.  of  oats. 


Date. 

Weight. 

All.'intoin. 

Creatinine. 

Remarks. 

19ZS 

kg. 

mg. 

mg. 

Mar.  30 

2.80 

213 

94 

"      31 

2.80 

162 

81 

Apr.     1 

2.80 

146 

77 

"        2 

2.80 

221 

94 

3 

2.80 

182 

86 

10  gm.  gelatin. 

4 

2.80 

209 

98 

10  " 

5 

2.80 

209 

81 

6 

2.80 

174 

S3 

"   ■    7 

2.80 

170 

80 

8 

2.80 

166 

77 

5  gm.  urea. 

9 

2.80* 

157 

84 

5    " 

"      10 

2.80 

212 

83 

"      11 

2.80 

174 

76 

"      12 

2.80 

202 

92 

"      13 

2.75 

163 

81 

"      14 

2.75 

48 

81 

5  gm.  glycocoll. 

"      15 

2.75 

13 

73 

5  " 

"      16 

2.75 

149 

76 

"      17 

Sample  lost. 

"      18 

2.75 

172 

82 

"      19 

2.75 

159 

78 

"      20 

2.65 

174 

81 

"      21 

2.65 

179 

86 

2  gm.  glycocoll. 

"      22 

2.65 

139 

84 

2  " 

"      23 

2.65 

172 

80 

"      24 

2.65 

194 

85 

"      25 

2.65 

194 

83 

*  Slight  albuminuria. 

some  of  the  experimental  urines,  which  did  not  give  the  usual 
heavy  white  precipitate  (complex  mercury  allantoin  compound) 
upon  the  addition  of  the  mercuric  acetate  reagent  might  still 
contain  allantoin  that  failed  to  precipitate  because  of  improper 
conditions   for   precipitation.     However,    it   was   found   that   if 


388 


AUantoin  Excretion 


I 


TABLE  VII. 
Rabbit  5,  male,  black.     Dailj'  diet:  125  cc.  of  milk  and  ;-!0  gm.  of  oals 
with  a  small  carrot  and  a  small  amount  of  cabbage  leaves. 


Date. 

Weight. 

AUantoin. 

Creatinine. 

Remarks. 

W3i 

kg. 

mg. 

mg. 

Mav    2 

3.10 

181 

83 

3 

3.05 

211 

100 

'       4 

3.00 

245 

100 

*        5 

3.05 

21!) 

100 

6 

3.05 

104 

98 

5  gm.  glj^cocoll. 

'       7 

3.05 

114 

100 

5  " 

8 

3.05 

191 

86 

9 

3.05 

199 

76 

'      10 

3.05 

178 

87 

'      11 

3.00 

147 

98 

6  gm.  alanine. 

'      12 

3.00 

70 

90 

6  " 

'      13 

3.00 

184 

86 

'      14 

3.00 

179 

92 

'      15 

3.00 

168 

83 

TABLE  VIII. 
Rabbit  6,  male,  white  and  black.     Dailj^  diet:  125  cc.  of  milk,  30  gm.  of 
oats,  100  gm.  of  carrots,  and  50  gm.  of  cabbage. 


Date. 

Weight. 

Total  N. 

AUantoin. 

Creati- 
nine. 

Remarks. 

1923 

kg. 

mg. 

?ng. 

mg. 

May  21 

2.45 

112 

71 

'      22 

2.45 

153 

76 

'     23 

2.45 

131 

58 

'      24 

2.40 

156 

66 

'      25 

2.45 

2,103 

142 

62 

10  gm.  gelatin. 

'      26 

2.40 

2,733 

150 

60 

10  " 

'      27 

2.40 

112 

56 

'      28 

2.35 

174 

66 

'      29 

2.35 

168 

66 

'      20 

2.35 

187 

66 

"      31 

2.35 

37 

66 

5  gm.   glj'cocoU  in 
dose. 

one 

Ji 

me    1 

Anin 

lal  found 

dead  in  cr 

ige. 

f 
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the  mercuiy-allantoin  compound  was  filtered  off,  the  filtrate 
always  gave  an  immediate  precipitate,  if  a  few  drops  of  a  1  per 
cent  solution  of  allantoin  were  added,  indicating  that  conditions 
for  the  precipitation  of  allantoin  were  satisfactory.  Moreover,  it 
was  shown,  that  in  those  urines  in  which  the  amount  of  the  final 
mercury-allantoin  precipitate  was  small,  allantoin  added  to  the 
filtrate  prior  to  the  addition  of  the  mercuric  acetate  reagent 
could  be  quantitatively  recovered. 


Rabbit  7,  male,  white, 
and  100  gm.  of  cabbage. 


TABLE  IX. 
Daily  diet:  40  gm.  of  oats,  150  gm.  of  carrots, 


Date. 

Weight. 

Total  N. 

Allantoin. 

Creati- 
nine. 

Remarks. 

1923 

kg. 

m'j. 

mg. 

mg. 

May  21 

2.75 

100 

67 

"     22 

2.70 

138 

73 

"      23 

2.70 

131 

71 

"     24 

2.75 

137 

75 

"      25 

2.80 

1,683 

82 

70 

10  gm.  gelatin. 

"      26 

2.80 

2,823 

105 

73 

15  " 

"      27 

2.80 

87 

72 

"      28 

2.80 

62 

69 

"      29 

2.80 

162 

70 

"      30 

2,80 

156 

64 

"      31 

2.80 

1,510 

137 

72 

5  gm.  glycocoll. 

June    1 

2.80. 

1,563 

62 

64 

5  " 

"       2 

2.80 

118 

56 

"       3 

2.80 

880 

112 

72 

> 

"       4 

2.80 

738 

131 

80 

"       5 

2.80 

885 

129 

75 

"        6 

2.80* 

753 

105 

68 

4  gm.  cystine. 

"       7 

2,70t 

2   " 

"       8 

Anima 

1  died. 

*  Albuminuria. 

t  Marked  albuminuria  and  casts. 

The  animals  used  in  all  the  experiments  were  male  rabbits 
weighing  between  2  and  3  kilos.  The  daity  diet  varied  with 
individual  rabbits  and  may  be  found  in  the  tables. 

In  all  the  experiments  reported,  the  substances  studied  were 
administered  orally  through  a  gastric  sound.  The  gelatin  was 
dissolved  in  water  to  form  a  thick  syrup.     In  some  experiments 
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this  was  further  dihited  with  water  while  in  other  experiments 
it  was  diluted  with  a  portion  of  the  daily  allowance  of  milk. 
Glycocoll,  alanine,  and  urea  were  likewise  either  dissolved  in  a 
small  quantity  of  water  or  in  the  milk.  Glutamic  acid  was 
administered  as  a  solution  of  its  sodium  salt  and  cystine  in  neutral 
suspension  At  the  same  hour  each  day  the  bladder  was  emptied 
bj'  gentle  pressure  and  this  urine  added  to  that  collected  from  the 
cage.  In  most  cases  the  analysis  of  the  urine  was  begun  at  once 
and  if  this  was  not  possible  the  urines  were  preserved  with  chloro- 
form or  toluene  and  kept  in  an  ice  box  until  the  completion  of  the 
analysis.     The  results  are  found  in  Tables  I  to  IX. 

DISCUSSION. 

It  will  be  seen  fi'om  an  inspection  of  the  tables  that  the  rabbits 
of  the  first  series  of  experiments  (Tables  I  to  IV)  excreted  normally 
a  smaller  amount  of  allantoin  per  day  than  the  rabbits  of  the  last 
set  of  experiments  (Tables  V  to  IX).  With  the  exception  of 
Rabbit  A  (Table  I)  the  rabbits  used  in  the  earlier  work  were  some- 
what smaller  than  those  of  the  later  experiments.  Moreover, 
the  daity  diet  of  Rabbits  A,  B,  C,  and  D  (Tables  I  to  IV)  included 
15  gin.  of  dried  hay,  which  was  entirely  lacking  in  the  diet  of 
Rabbits  3  to  7  (Tables  V  to  IX).  As  stated  previously,  the 
analyses  of  allantoin  in  the  earlier  work  were  made  by  the  method 
of  Harding  and  Young  (3),  while  the  method  ofHandovsky  (8) 
was  used  in  the  later  work.  It  seems  hardly  probable  that  the 
difference  in  the  methods  of  analysis  can  explain  the  variation 
in  the  noraial  level  of  allantoin  excretion  in  the  two  groups  of 
rabbits.  In  a  recent  paper  by  Stransky  (12),  rabbits  of  nearly 
uniform  weight  and  on  uniform  diets  showed  marked  individual 
differences  with  respect  to  tlie  elimination  of  allantoin.  These 
differences  can  hardly  be  explained  by  the  methods  of  analysis 
since  the  method  of  Handovsky  (8)  was  used  throughout. 

A  marked  decrease  in  allantoin  elimination  followed  the  adminis- 
tration of  amino-acids  and  in  some  cases,  of  gelatin  and  of  urea. 
5  gm.  of  glycocoll  daily  were  given  on  2  successive  days  to  Rabbits 
A  (Table  I),  D  (Table  IV),  3  (Table  V),  4  (Table  VI),  5  (Table 
VII),  and  7  (Table  IX).  A  2.5  gm.  portion  was  given  during  the 
1st  hour  of  the  experimental  day  and  5  hours  later  a  second  2.5 
gm.  dose  was  administered.     In  evevy  case,  it  will  be  observed 
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that  there  was  a  marked  decrease  in  the  elimination  of  allantoin. 
It  is  to  be  noted  in  the  case  of  Rabbits  A  and  D  that  this 
condition  of  lowered  elimination  persisted  1  day  after  the 
last  feeding  of  glycocoll.  Rabbit  4  (Table  VI)  was  given 
2  gm.  of  glj'cocoll  daily  in  a  single  dose  to  determine  whether 
decreased  elimination  of  allantoin  would  follow  the  ingestion  of 
smaller  amounts  of  amino-acids.  It  was  also  thought  possible 
that  a  smaller  dose  might  cause  an  increased  elimination  of 
allantoin  similar  to  the  increased  uric  acid  elimination  in  man 
following  amino-acid  ingestion.  The  results  indicated  that  on 
the  1st  day  of  glycocoll  feeding  there  was  no  apparent  effect, 
but  that  there  was  a  20  per  cent  decrease  in  the  elimination  of 
allantoin  on  the  2nd  feeding  day.  5  gm.  of  glycocoll  were  given 
to  Rabbit  6  (Table  YIII)  at  one  feeding.  Only  one  24  hour 
sample  of  urine  was  collected  as  the  animal  died  on  the  following 
day.  Again,  however,  the  excretion  of  allantoin  was  markedly 
lower  than  on  the  days  of  regular  diet.  Rabbit  A  (Table  I)  and 
Rabbit  B  (Table  II)  received  5  gm.  daily  of  glutamic  acid  as  the 
sodium  salt  for  2  successive  days.  In  both  cases  there  was  a 
marked  drop  in  the  allantoin  elimination  and  in  Rabbit  B  the 
condition  of  lowered  excretion  continued  for  2  days  after  the  last 
feeding  of  the  glutamic  acid.  After  the  administration  of  a  total 
of  10  gm.  of  alanine  to  Rabbit  3  (Table  V)  over  a  period  of  2 
days,  there  followed  a  decrease  of  30  per  cent  in  the  elimination 
of  allantoin.  Rabbit  5  (Table  VII)  received  daily  feedings  of 
6  gm.  of  alanine  for  2  successive  days.  The  allantoin  elimina- 
tion was  decreased  20  per  cent  on  the  1st  day  and  60  per  cent  on 
the  2nd  day  of  feeding.  4  gm.  of  cystine  were  fed  to  Rabbit  7 
(Table  IX)  in  one  dose.  The  elimination  of  allantoin  was  some- 
what decreased  as  compared  with  the  normal.  2  gm.  of  cj'stine 
were  fed  on  the  following  day,  but  the  animal  died  before  a  com- 
plete 24  hour  sample  of  urine  could  be  obtained.  The  urine  on 
both  experimental  daj's  contained  large  amounts  of  protein  and 
the  sample  obtained  after  the  second  feeding  of  cj'stine  contained 
numerous  casts.  In  all  the  experiments  the  urines  were  tested 
daily  for  the  presence  of  protein  and  this  u  as  the  only  case  where 
a  distinctly  positive  test  for  its  presence  was  obtained.  In  one 
other  sample  of  urine  (Rabbit  4,  Table  VI)  there  was  a  slight 
albuminuria  following  the  administration  of  urea. 
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The  results  of  the  administration  of  gelatin  on  the  ehraination 
of  allantoin  were  not  as  uniform  as  those  following  the  feeding  of 
amino-acids.  Rabbit  A  (Table  I)  was  given  a  total  of  30  gm.  of 
gelatin  during  a  period  of  3  days.  The  allantoin  excretion  on  the 
1st  day  was  increased  50  per  cent.  On  the  2nd  day  of  gelatin 
feeding  the  excretion  was  normal,  but  on  the  3rd  day,  the  allantoin 
elimination  was  only  50  per  cent  of  the  normal.  Rabbit  B 
(Table  II)  also  received  30  gm.  of  gelatin  over  a  peiiod  of  3  days. 
The  excretion  of  allantoin  was  apparently  not  affected  by  the  first 
10  gm.  of  gelatin  but  on  the  2  following  days  there  was  a  marked 
decrease  in  allantoin  excretion.  Rabbit  C  (Table  III)  was  given 
10  gm.  of  gelatin  daih^  for  4  successive  days  and  had  a  lowered 
elimination  of  allantoin  throughout  the  entire  4  days  of  the  experi- 
ment. The  allantoin  excretion  of  Rabbits  3  and  4  (Tables  V 
and  VI)  was  apparently  not  affected  by  the  administration  of 
10  gm.  of  gelatin  daily  for  2  days.  Rabbit  6  (Table  VIII)  showed 
a  slightly  decreased  elimination  on  the  1st  day  of  normal  diet 
following  the  ingestion  of  20  gm.  of  this  protein.  Rabbit  7 
(Table  IX)  received  a  total  of  25  gm.  of  gelatin  in  2  days  and  there 
was  a  decreased  elimination  of  allantoin  on  the  days  of  feeding 
which  persisted  2  days  after  the  animal  was  on  a  normal  diet. 
In  summary,  foiu-  out  of  seven  rabbits  showed  a  marked  decrease 
in  allantoin  elimination  following  the  ingestion  of  gelatin.  One 
rabbit  excreted  less  allantoin  on  the  1st  daj'"  after  the  last  feeding 
and  in  two  rabbits  the  elimination  of  allantoin  was  not  affected. 

Since  the  feeding  of  protein  and  amino-acids  in  the  amounts 
used  in  these  experiments  resulted  in  the  elimination  of  large 
amounts  of  urea,  it  was  thought  that  the  excretion  of  allantoin 
might  be  affected  by  the  administration  of  urea  in  much  the  same 
way  as  by  the  feeding  of  proteins  and  amino-acids.  Rabbit  C 
(Table  III)  received  a  total  of  9  gm.  of  urea  over  a  period  of  3 
daj-s.  For  this  3  day  period  the  total  excretion  of  allantoin  was 
less  than  the  average  excretion  of  allantoin  for  a  single  day,  when 
the  animal  was  on  a  normal  diet.  Rabbit  D  (Table  IV)  was  given 
2.5  gm.  of  urea  per  day  for  2  days.  The  allantoin  excretion  was 
lowered  considerably  on  the  2  experimental  days,  but  returned  to 
the  normal  amount  on  the  1st  day  of  regular  diet.  Following 
the  ingestion  of  5  gm.  of  urea  daily  for  2  days  by  Rabbit  3  (Table 
V)  there  was  a  decrease  in  allantoin  elimination  of  30  per  cent. 
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The  allantoin  elimination  of  Rabbit  4  (Table  VI)  was  unchanged 
by  the  daily  administration  of  5  gm.  of  urea  during  a  period  of  2 
days.  Whether  the  decreased  elimination  of  allantoin  is  closely 
associated  with  the  abnormally  large  excretion  of  urea  by  the 
animal  cannot  be  definitely  decided  from  the  present  data.  An 
examination  of  Tables  I  to  IV  will  show  that  there  are  several 
instances,  where  the  conditions  of  lowered  allantoin  elimination 
persisted  after  the  urea  nitrogen  had  returned  to  its  normal  level. 

Since  it  was  thought  that  the  decreased  allantoin  excretion 
might  be  compensated  for  in  part  by  an  increased  excretion  of 
uric  acid,  determinations  of  the  latter  constituent  were  made  in 
some  experiments.  In  only  one  case  (Rabbit  C,  Table  III) 
following  the  administration  of  gelatin,  did  there  appear  to  be  a 
constant  increase  in  uric  acid  above  the  normal.  Since  the 
increases  in  absolute  amounts  of  uric  acid  were  so  small  no 
conclusions  could  be  drawn. 

There  are  few  experiments  cited  in  the  literature,  where  a 
decreased  allantoin  excretion  is  associated  with  a  high  protein 
diet. 

An  examination  of  the  experiments  in  which  Abderhalden  and  his  co- 
workers (1)  fed  10  gm.  of  histidine  monochloride  to  a  dog  excreting  normally 
1.6  gm.  of  nitrogen  per  day  showed  that  as  the  nitrogen  increased  to  2.5  gm., 
due  to  the  nitrogen  of  the  histidine,  there  was  an  increase  in  allantoin  excre- 
tion from  98  to  114  mg.  per  day.  However,  on  the  following  day,  with  a 
nitrogen  excretion  of  2.2  gm.  and  above  the  normal  level,  the  dog  excreted 
only  64  mg.  of  allantoin.  On  the  following  3  days  as  the  nitrogen  output 
gradually  returned  to  the  former  level  of  1.6  gm.  per  day,  the  allantoin 
excretions  on  the  corresponding  days  were  52,  28,  and  10  mg.,  respectively. 
A  second  paper  (1.3)  from  the  same  laboratory  was  concerned  with  the 
administration  of  histidine  monochloride  to  a  fasting  dog.  The  first 
administration  of  10  gm.  of  the  histidine  compound  failed  to  raise  the 
nitrogen  on  the  day  of  feeding,  but  the  allantoin  was  decreased  by  75  per 
cent.  However,  the  nitrogen  output  increased  on  the  following  2  days 
with  an  elimination  of  allantoin  50  per  cent  above  the  normal.  The  second 
10  gm.  dose  of  histidine  monochloride,  given  5  days  after  the  first  adminis- 
tration, was  followed  by  an  increase  in  the  total  nitrogen  elimination 
from  1.8  to  3.8  gm.  and  a  decrease  in  allantoin  elimination  from  205  to  152 
mg.  On  the  following  days,  although  the  total  nitrogen  excretion  was 
lowered  to  the  normal  level,  the  allantoin  excretion  remained  approx- 
imately the  same  (150  mg.  daily).  On  the  other  hand,  Benedict  (14) 
reported  one  experiment  in  which  the  increase  in  the  total  nitrogen  of  the 
diet  of  a  Dalmatian  hound  from  5.9  to  24.1  gm.  caused  an  increase  in  allan- 
toin elimination  of  from  60  to  100  mg.     The  conditions,  however,   of  his 
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experiments  and  the  experiments  reported  in  this  study  are  not  analogous 
since  the  Dahnatian  hound  normally  excretes  a  larger  percentage  of  its 
purine  catabolites  as  uric  acid  and  a  smaller  amount  as  allantoin. 

The  results  obtained  in  this  study  are  so  completely  at  variance 
with  the  studies  on  endogenous  purine  metabolism  in  man  follow- 
ing the  ingestion  of  protein  and  amino-acids  in  excessive  amounts 
that  their  explanation  is  somewhat  difficult. 

It  is  to  be  noted  that  the  amoimts  of  amino-acids  fed  to  rabbits 
in  these  experiments  are  much  greater  in  proportion  to  the  weight 
of  the  rabbits  than  the  amounts  of  amino-acids  which  produced 
an  increase  in  uric  acid  excretion  in  man.  It  is  possible  that,  in 
excessive  amounts,  the  amino-acids  exert  some  toxic  efTect  within 
the  cell,  which  influences  the  course  of  purine  metabolism. 
Starkenstein  (15)  has  shown  that  the  behavior  of  the  corre- 
sponding purine  catabolites,  allantoin  in  the  rabbit  and  uric 
acid  in  man,  do  not  necessarily  run  parallel.  He  has  demonstrated 
that  the  effects  of  atophan  upon  the  excretion  of  allantoin  in 
rabbits  and  upon  that  of  uric  acid  in  man  are  quite  different, 
since  atophan  causes  a  decreased  elimination  in  the  former  and  an 
increased  elimination  in  the  latter  case. 

It  is  the  purpose  of  the  present  paper  to  present  the  data  which 
we  have  obtained.  Further  experiments  are  in  progress  which  it 
is  hoped  will  throw  further  light  on  the  comparative  endogenous 
purine  metabolism. 

SUMMARY. 

1.  The  feeding  of  amino-acids  (glycocoll,  alanine,  and  glutamic 
acid)  to  rabbits  was  followed  bj^  a  marked  decrease  in  the  daily 
elimination  of  allantoin. 

2.  Similar  results  were  obtained  after  enteral  administration  of 
large  amounts  of  gelatin.  The  changes  observed,  however, 
were  neither  so  constant  nor  so  striking. 

3.  The  effects  of  urea  feeding  on  allantoin  excretion  were 
similar  to  those  produced  by  the  feeding  of  amino-acids. 
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Previous  communications  from  this  laboratory  (1,  2)  have 
maintained  that  continuous  growth  of  yeast  is  possible  on  media 
composed  of  salts  and  cane-sugar.  MacDonald  and  McCoUmn 
(3)  and  MacDonald  (4)  hold  the  same  opinion. 

The  fact  that  one  of  the  constituents  of  the  media,  cane-sugar, 
is  of  natural  origin  leaves  open  to  criticism  any  definite  conclusions 
in  regard  to  the  need  of  bios  for  the  growth  of  yeast.  No  matter 
how^  much  the  sugar  had  been  purified,  if  the  yeast  grew,  it 
might  be  argued  that  the  successful  growth  of  the  organism  was 
due  to  imanalyzable  traces  of  bios  still  retained  by  the  sugar. 
Robertson  and  Davis  (5)  and  Willaman  and  Olsen  (6)  stress  this 
point. 

Whether  the  successful  use  of  cane-sugar  was  due  to  traces  of 
bios  could  be  answered  by  the  use  of  some  synthetic  source  of 
carbon  and  energy  as  a  substitute  for  the  cane-sugar.  The 
material  used  in  the  experiments  here  described  was  first  made 
by  Loew  (7)  and  was  named  '^methose"  by  him.  He  states 
that  the  product  is  fermentable  by  yeast. 

Methose  was  prepared  in  this  laboratory  as  follows :  The  for- 
malin was  acidified  with  sulfuric  acid  and  distilled,  the  acid 
preventing  the  formation  of  non-volatile  products.  The  dis- 
tillate was  made  up  to  contain  the  following  per  liter:  10  gm. 
of  formaldehyde,  0.125  gm.  of  magnesium  oxide,  0.50  gm.  of 
magnesium  sulfate,  and  75  gm.  of  granulated  lead.  The  material 
was  heated  on  the  water  bath  at  65-70°  until  the  odor  of  formal- 
dehyde had  disappeared,  this  point  being  reached  in  a  day  or  two. 
The  lead  was  filtered  off  and  the  liquid  evaporated  in  vacuo  to 
small  volume,  made  up  to  80  per  cent  ethyl  alcohol,  and  the  lead 
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and  magnesium  salts  were  precipitated  out  with  carbon  dioxide 
After  filtration  the  liquid  was  evaporated  on  the  water  bath.    The 
resulting  material  was  a  colorless  or  slightly  yellow  syrup  which 
was  used  in  the  following  experiments  as  a  substitute  for  cane- 
sugar. 

The  j^east  used  had  been  growing  in  medimn  E  (2)  for  3^  j^ears 
and  came  originally  from  a  cake  of  Fleischmann's  yeast  and  is 
designated  as  Saccharaniyces  cerevisice  Race  F.  Medium  E 
contained  per  100  cc:  0.188  gm.  of  ammonium  chloride,  0.100 
gm.  of  dipotassimn  phosphate,  0.100  gm.  of  calcium  chloride, 
0.04  gm.  of  calcium  carbonate,  and  8  gm.  of  cane-sugar. 

In  the  following  experiments  the  yeast  was  grown  in  a  medium 
containing  2  gm.  of  methose  per  100  cc.  and  no  cane-sugar,  the 
rest  of  the  medium  being  identical  with  medimn  E  mentioned 
above.  All  data  were  obtained  at  30°C.  At  each  transferral 
enough  yeast  was  added  to  make  an  initial  count  of  one  (when 
the  count  is  one  there  are  250,000  cells  per  cc).  After  36  to  72 
hours  the  count  after  each  successive  subculture  was:  79,  39,  42, 
42,  109,  and  184.  Since  the  original  count  in  each  case  was  one,  the 
product  of  the  above  numbers  will  give  the  dilution  of  the  original 
yeast  as  about  1 :10."  The  medium  was  diluted  1 :  25  each  time, 
making  the  greatest  possible  "carry  over"  about  1:10.^  There 
can  be  no  question  that  the  yeast  was  growing  only  on  the  con- 
stituents of  the  medium  and,  therefore,  that  the  success  in  the 
subculture  of  yeast  on  cane-sugar  could  not  have  been  due  to 
traces  of  impurities  unless  the  same  or  similar  impurities  were 
synthesized  along  with  the  methose. 

CONCLUSION. 

Yeast  has  been  subcultured  on  a  medium  wholly  synthetic  in 
origin. 
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AN  ELECTROCHEMICAL  STUDY  OF  HEMOGLOBIN. 

By  ja:mes  b.  coxant. 

(From  the  Chemical  Laboratory  of  Harvard  Uniuersitij,  Cambridge.) 
(Received  for  publication,  Jul}'  10,  1923.) 

In  the  coui'se  of  a  series  of  investigations  on  the  physical  chemis- 
try of  hemoglobin  now  being  carried  on  in  the  Laboratory  of 
Phj^sical  Chemistr}^  of  the  Harvard  Medical  School,  Dr.  E.  J. 
Cohn  and  Dr.  R.  M.  Ferry  discovered  certain  abnormalities  in 
the  behavior  of  a  hydrogen  electrode  immersed  in  solutions  of 
hemoglobin  and  oxj'hemoglobin.  On  studying  the  matter  further 
the}^  found  that  any  inert  electrode  when  dipped  into  a  hemoglobin 
solution  gave  a  fairly  definite  potential  which  varied  with  the 
degree  of  oxj-genation  of  the  hemoglobin.  It  was  at  first  thought 
that  this  potential  might  be  the  oxidation-reduction  potential  of 
the  sj'stem  hcmoglol^in-oxyhemoglobin,  and  in  order  to  investigate 
this  possibility  the  present  work  was  undertaken  l^y  the  author. 
It  was  soon  found  that  the  titration  method  of  determining  oxida- 
tion potentials,  now  being  appHed  in  this  laljoratory  to  a  stud}'  of 
quinones  (1,  2)  and  first  proposed  by  Clark  (.3),  was  applicable  to 
hemoglobin  solutions;  the  sj'stem  of  oxidized  and  reduced  com- 
pounds involved,  however,  was  not  oxj'hemoglobin-hemoglobin, 
but  hemoglobin-methemoglobin.  The  reactions  which  are  the 
basis  of  the  method  are:  hemoglobin  +  K3Fe(CN)6  -^  methe- 
moglobin;  and  2  methemoglol^in  +  Na2S204  — *  2  hemoglobin. 

Procedure. 

The  experiments  were  performed  in  an  apparatus  identical  with 
the  one  previously  employed  in  this  laboratory  in  our  studies  of 
anthraquinone  derivatives  (1).  A  glass  cell  holding  200  to  300 
cc.  of  solution  was  fitted  with  a  mechanical  stirrer,  gas  inlet  and 
outlet  tubes,  and  three  electrodes,  and  was  connected,  to  a  satu- 
rated calomel  electrode  by  an  agar-potassium  chloride  bridge.  The 
hemoglobin  solution  was  mixed  with  a  suitable  buffer  solution  or 
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the  requisite  salts  were  dissolved  in  it  so  that  the  total  salt  concen- 
tration was  about  0.2  m.  This  solution  was  placed  in  the  cell  which 
was  swept  out  with  nitrogen.  Definite  increments  of  reducing 
agent  (sodiiun  hydrosulfitc)  or  oxidizing  agent  (potassium  ferricy- 
anide)  were  added  from  a  burette,  and  the  potentials  of  the  elec- 
trodes were  determined  after  each  addition.  In  this  way  a  titra- 
tion curve  was  obtained  such  as  is  shown  in  Fig.  1.  As  might  be 
expected,  considering  the  complexity  of  the  hemoglobin  molecule, 
the  experimental  difficulties  were  much  greater  than  those  exper- 
ienced with  even  such  substances  as  the  anthraquinones.  In 
order  to  be  sure  that  the  potentials  recorded  were  significant  equi- 
librium potentials  it  was  necessary  to  be  certain  that  they  were 
constant  for  at  least  15  minutes,  and  that  the  potentials  of  at  least 
two  of  the  three  different  electrodes  were  identical.  Several  hours 
were  required  before  equilibrium  was  reached  in  many  cases.  The 
three  electrodes  employed  were  platinized  platinum,  bright  plati- 
num, and  gold.  Certain  electrodes  gave  erratic  potentials  and 
had  to  be  discarded;  soaking  the  electrodes  in  a  solution  of  methe- 
moglobin  for  several  days  seemed  to  improve  them.  Because  of 
these  difficulties  the  actual  values  of  the  potentials  recorded  in  this 
paper  must  be  considered  as  provisional  and  possibly  to  be  in  error 
by  30  or  40  millivolts. 

A  0.1  N  solution  of  potassimn  ferricyanide  was  used  as  the 
oxidizing  agent;  it  must  be  kept  away  from  the  light.  The  sodium 
hydrosulfite  solution  which  was  employed  was  made  up  fresh  every 
day  and  contained  a  small  amount  of  sodium  carbonate  which 
greatly  increased  its  stability.  It  was  protected  from  oxidation 
in  the  burette  by  a  layer  of  xylene.  Each  solution  was  standard- 
ized by  a  titration  with  0.01  m  indigo  disulfonate  which  in  turn 
was  standardized  against  titanous  chloride,  (The  titrations  must 
be  carried  out  in  an  atmosphere  of  carbon  dioxide.)  Tlie  hydro- 
sulfite solution  slowly  changes  in  the  burette  and  should  be  re- 
standardized  at  least  every  6  hours. 

The  Hemoglobin-Methemoglohin  Potential. 

The  hemoglobin  used  in  this  work  was  kindly  furnished  by  the 
Laboratory  of  Phj^sical  Chemistry  of  the  Harvard  Medical  School; 
it  was  prepared  from  horse  blood  according  to  the  method  of  Ferry.^ 

Terry,  R.  M.,  J.  Biol.  Chem.,  1923,  Ivii,  in  press. 
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Fig.  1.  Titration  of  hemoglobin"and"methemoglobin  in  pH  6.8.  Poten- 
tial against  saturated  calomel  electrode  plotted  vertically;  cc.  of  Na2S204 
plotted  horizontally  from  x  to  z;  cc.  of  K3Fe(CN)6  from  z  to  x.  Curve  A 
titration   of   methemoglo])in   with    Na2S204;    Curve    B    hemoglobin    with 

K3Fe(CN)6. 
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A  great  variety  of  .samples  was  vised;  some  freshly  prepared  eon- 
sisted  almost  wholly  of  oxyhemoglobin,  while  others  which  had 
stood  several  months  in  the  ice  chest  contained  a  large  proportion 
of  methemoglol)in.  Except  for  the  varying  content  of  methemo- 
globin  no  difference  was  observed  in  the  i)ehavior  of  the  various 
samples. 

Titrations  can  ])v  carried  out  most  conveniently  by  first  adding 
small  increments  of  ferri(yanide  to  the  hemoglo])in  solution  (which 
usually  contains  varying  amounts  of  0x3^-  and  methemoglo])in) 
until  this  reagent  is  present  in  excess  as  shown  by  the  potential. 
Nitrogen  is  passed  through  the  cell  and  then  the  titration  with 
sodium  hydrosulfite  is  connnenced;  the  initial  amount  of  ferricy- 
anidc  necessary  to  convert  all  the  mat(M-ial  to  methemoglobin  is 
only  of  significance  in  regard  to  the  relative  amounts  of  oxy- 
and  methemoglobin  in  the  original  sample.  After  the  completion 
of  the  titration  with  sodium  hydrosulfite,  the  hemoglobin  can  be 
titrated  back  to  methemoglobin  with  ferric,yanide.  This  titration 
back  and  forth  can  be  repeated  a  number  of  times  with  the  same 
material.  Table  I  summarizes  the  results  of  a  number  of  experi- 
ments. A  nitrogen  analysis  of  the  hemoglobin  sample  employed 
in  each  experiment  furnished  the  necessary  information  for  deter- 
mining the  mols  of  hemoglobin  present  in  the  cell.  (It  was 
assumed  that  hemoglobin  contained  17.3  per  cent  of  nitrogen  and 
that  its  molecular  weight  was  16,700.)  From  the  amount  of 
sodium  hydrosulfite  or  ferricj^anide  required  in  a  titration  the 
nmiiber  of  mols  of  hemoglobin  could  be  calculated.  A  good 
agreement  was  obtained  between  the  amount  of  hemoglobin  pres- 
ent according  to  the  nitrogen  analysis  and  according  to  the  titi'a- 
tions  calculated  on  the  basis  of  1  mol  of  Hb  -  1  mol  of  K3Fe(CN)6 
and  2  mols  of  Hb  -  1  mol  of  Na2S204.  A  comparison  of  the  values 
in  Colmrm  2  and  in  Columns  5  and  9  of  Table  I,  shows  the  agree- 
ment to  be  within  our  present  experimental  error  (about  10  per 
cent) .  The  change  from  reduced  hemoglobin  to  methemoglobin  involves 
only  one  hydrogen  equivalent  of  oxidizing  or  reducing  agent  per  gram- 
molecule,  calculated  on  a  molecular  weight  of  16,700. 

Table  II  gives  the  actual  potentials  of  the  three  electrodes' in  two 
of  the  titrations  in  Experiment  2.  The  curves  in  Fig.  1  are  plotted 
from  this  table,  the  average  potential  being  plotted  against  the 
amount  of  sodium  hydrosulfite  or  ferricyanide  added.     It  will  be 
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observed  that  except  for  a  few  cases  near  the  end-point  the  poten- 
tials of  all  three  electrodes  are  quite  close  together.  The  poten- 
tials enclosed  in  brackets  are  obviously  in  error  and  were  not 
included  in  the  averages. 

TABLE  I. 
Titration  of  Hemoglobin  at  19  ^  l^. 


Na2S204  titrations. 


"  to 


0.000281 

0.00252 
0.00165 
0.000675 
0.000447 


S.    53 


0.0330 
0.0285 

0.0285 
0.0328 

0.0320 

0.0340 

0.0355 

0.0280 


0.000224 
0.00088010.0375 
0.000224  0.0360 
0.000990  0.0224 


4.0 
4.5 

44.0 
39.0 


19.0 
9.00 
6.0  0 
4.00 

10.00 


3.5 
21.0 


000268 
000258 

00250 
00256 

00122 

000612 

000427 

000222 

000750 

000250 

000940 


volts 

+  0.069 
+  0.081 

+0.124 
+0.104 

+0.114 

-0.013 

-0.031 

+0.119 

+  0.024 

+0.029 


KsFeCCNjs  titrations. 


0.109 

0.109 
0.109 

0.109 

0.109 

0.109 


0.109 
0.109 


+0.029  0.100 


2.8 

20.0 
21.5 

12.5 


7.5 
2.0 
9.5 


0.000306 

0.00219 
0.00234 

0.00136 

0.000600 

0.000440 

0.000815 
0.000218 
0.000950 


+0.089 

+  0.114 
+0.114 

+0.109 

-0.026 

-0,031 

+  0,021 
-0.081 
-0.014 


6,8 

8,5 
6.8 
9.63 
9.63 
8.5 
9.63 
11.3 
11.3 


A  phosphate  buffer  solution  was  used  for  pH  6.8;  a  borate-boric  acid 
solution  for  8.5;  a  sodium  hydroxide-borate  solution  for  9.63,  and  0.2  m 
NH4OH  forpH  11.3.  The  total  salt  concentration  in  each  case  was  about 
0.2  m. 

*  Slight  decomposition  had  occurred  before  the  sample  was  used,  judged 
by  the  odor. 

The  two  curves  (Fig.  1)  showing  the  reduction,  with  hydro- 
sullite  and  the  oxidation  with  ferricyanide  are  within  20  milli- 
volts of  each  other.  Such  relatively  consistent  results  are  best 
obtained  by  using  rather  concentrated  solutions  of  hemoglobin 
(about  10  per  cent)  and  by  having  reliable  electrodes. 
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Since,  for  the  transformation  of  methemogiobin  (MHb)  to 
reduced  hemoglobin  (Hb),  only  one  hydrogen  equivalent  is  used 
per  mol  calculated  on  a  molecular  weight  of  16,700,  which  in 

TABLE  II. 

Titration  of  0.00248  Mol  of  Hb  in  pH  8.5.     Potentials  Against  Saturated 

Calomel  Electrode. 


Xa;S:0,  (0.032S 
molar). 

Bright  Pt. 

Gold. 

Platinized  Pt. 

Average 
potential. 

cc. 

0.00 

-0.105 

-0.107 

-0.106 

-0.106 

2.00 

-0.116 

-0.120 

-0.114 

-0.118 

4.00 

-0.120 

-0.120 

-0.120 

-0.120 

6.00 

-0.125 

-0.128 

-0.126 

-0.126 

10.00 

-0.128 

-0.138 

-0.131 

-0.132 

14.00 

-0.121 

-0.131 

-0.132 

-0.129 

18.00 

-0.136 

-0.141 

-0.143 

-0.140 

22.00 

-0.154 

-0.166 

-0.164 

-0.162 

26.00 

-0.170 

-0.170 

-0.172 

-0.170 

32.00 

-0.190 

-0.198 

-0.192 

-0.193 

36.00 

-0.234 

-0.237 

-0.211 

-0.225 

40.00 

-0.628 

-0.607 

[-0.381] 

-0.610 

41.00 

-0.672 

-0.665 

[-0.465] 

-0.666 

K3Fe(CN)60.109  molar. 


0.00 

-0.672 

-0.665 

[-0.465] 

-0.665 

0.50 

-0.532 

-0.556 

[-0.441] 

-0.540 

1.00 

-0.307 

-0.340 

[-0.294] 

-0.322 

2.00 

-0.207 

-0.257 

-0.222 

-0.227 

3.00 

-0.189 

-0.208 

-0.185 

-0.197 

4.00 

-0.163 

-0.187 

-0.164 

-0.175 

8.00 

-0.141 

-0.155 

-0.142 

-0.149 

13.00 

-0.132 

-0.137 

-0.129 

-0.133 

17.00 

-0.118 

-0.121 

-0.117 

-0.119 

19.00 

-0.110 

-0.112 

-0.110 

-0.111 

20.00 

-0.099 

-0.103 

-0.103 

-0.102 

21.00 

-0.084 

-0.086 

-0.096 

-0.090 

22.00 

0.000 

0.000 

-0.033 

-0.011 

22.50 

+0.079 

+0.079 

+0.045 

+0.070 

turn  is  based  on  the  assumption  of  1  iron  atom  per  molecule,  there 
is  every  reason  to  believe  we  are  dealing  with  the  change  of  a  ferri 
compound  to  a  ferro  compound.  In  this  event  the  potential  is 
given  by  the  equation : 


f 


I 
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RT  ^     [MHb] 

(1)  '^  =  '^°  +  T  ^"  liibT 

The  value  for  the  normal  potential  (ttq)  is  most  convenient^ 
obtained  by  interpolating  the  titration  curve  to  the  mid-point 
where  [MHb]  =  [Hb].  The  values  thus  obtained,  referred  to  the 
normal  hydrogen  electrode,  are  given  in  Columns  6  and  10  of  Table 
I.  The  present  results  are  not  sufficientty  accurate  to  allow  of  a 
significant  comparison  of  the  slope  of  the  titration  curve  with  the 
theoretical  slope  calculated  from  the  above  equation. 

The  variations  in  Xo  with  change  in  the  pH  of  the  buffer  solu- 
tion require  comment,  although  a  more  accurate  determination  of 
the  values  of  ttq  will  be  necessary  before  any  very  significant 
conclusions  can  be  arrived  at  in  this  connection.  If  the  activities 
of  the  oxidized  and  reduced  compounds  remain  constant,  the 
potential  of  the  type  represented  by  equation  (1)  should  be  inde- 
pendent of  the  hydrogen  ion  concentration.  For  the  range  pH 
6.8  to  8.5  this  seems  to  be  the  case  for  hemoglobin  (within  the 
present  experimental  error) .  There  is  a  marked  change  in  poten- 
tial, however,  between  pH  8.5  and  9.6,  and  the  potential  is  approxi- 
mately constant  again  between  pH  9.6  to  11.3.  This  change 
in  potential  at  8.5  to  9.6  may  be  caused  by  the  formation  of  a  salt 
by  one  of  the  acidic  hydrogen  atoms  in  the  molecule  which  is  pres- 
ent as  the  free  acid  in  the  range  pH  6.8  to  8.5.  If  some  such 
change  takes  place  and  the  dissociation  constants  of  this  hydrogen 
in  the  reduced  and  oxidized  form  are  different,  a  shift  in  the  oxida- 
tion-reduction potential  would  take  place.  The  following  tabula- 
tion is  a  summary  of  the  average  values  of  tto  (referred  to  the 
hydrogen  electrode)  at  different  values  of  pH. 


pH 

TTo 

6.8 
8.5 
9.63 
11.3 

volts 

+0.092  (±0.022) 
+0.115  (±0.011) 
-0.016  (±0.040) 
-0.025  (±0.050) 
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Effect  of  Oxygen  and  Carbon  Monoxide  on  the  Potential. 

It  is  thus  evident  that  the  potential  of  an  inert  electrode 
immersed  in  a  hemoglobin  solution  depends  on  the  relative 
amounts  of  reduced  hemoglobin  and  methemoglobin  present.  The 
effect  of  passing  air  or  carbon  monoxide  into  such  a  mixture  would 
be  to  diminish  the  amount  of  reduced  hemoglobin  present  by  form- 
ing oxA'-  or  carboxyhemoglobin,  and  to  raise  the  potential  (the 
concentration  of  methemoglobin  being  unaffected  by  the  presence 
of  the  gas).  Removing  the  gas  by  passing  in  nitrogen  should 
lower  the  potential  again  to  its  original  value.  These  qualita- 
tive predictions  have  been  verified  b}^  a  number  of  experiments  of 
which  tlu^  following  is  typical. 

The  cell  contained  175  cc.  of  a  solution  of  hemoglobin,  containing  2.6  gm. 
of  hemoglobin  per  100  cc.  and  mono-  and  disodium  phosphates  correspond- 
ing to  pH  6.8.  Sodium  hydrosulfite  was  added  until  present  in  slight 
excess  (as  shown  by  the  potential),  the  cell  having  previously  been  swept 
out  with  nitrogen.  Air  was  then  passed  in  for  some  time,  the  excess  of 
hydrosulfite  being  rapidly  oxidized  and  the  potential  rising  to  a  value  some 
100  millivolts  higher  than  the  mid-point  of  the  normal  titration  curve  as 
shown  by  the  following  figures. 


Nature  of  gas. 

Equilibrium 

potential  (referred 

to  the  hydrogen 

electrode). 

Air '. 

volts 

+0.239 

Nitrogen 

+0.149 

Carbon  monoxide 

+0.300 

Nitrogen 

+0.139 

Air 

+0.250 

If  the  reduced  hemoglobin  (either  freshly  prepared  or  after 
reduction  with  sodium  hj-drosulfite)  is  oxygenated  by  passing  air 
through  the  cell  and  then  titrated  with  sodiimi  hydrosulfite  2 
mols  of  hj'drosulfite  are  used  up  per  mol  of  hemoglobin.  This 
corresponds  to  the  1  molecule  of  loosely  combined  oxygen 
in  oxjdiemoglobin.  The  potential  during  this  titration  is  some- 
what indefinite  until  the  end-point  is  reached,  but  is  usually  at 
first  some  100  or  200  millivolts  above  the  normal  titration  cm've. 
The  dissolved  oxygen  in  equilibrimn  with    the  oxjdiemoglobin 
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apparently  oxidizes  the  hydrosulfite  as  fast  as  it  is  added  and  the 
potential  corresponds  to  the  ratio  of  the  small  amount  of  methe- 
moglobin  to  the  relatively  large  amount  of  reduced  hemoglobin. 

The  potentials  first  noted  by  Dr.  Cohn  and  Dr.  Ferry  in  ordinary 
hemoglobin-oxyhemoglobin  solutions  can  be  explained  in  the 
light  of  the  experiments  just  mentioned.  The  potential  is  due  to 
the  oxidation-reduction  equilibrimn  involving  methemoglobin  and 
reduced  hemoglobin,  since  there  is  probably  a  small  amount 
of  methemoglobin  present  in  all  hemoglobin  solutions  due 
to  a  slight  decomposition  of  the  oxyhemoglobin.  By  varying 
the  oxygenation  of  such  a  mixture,  the  amount  of  free  reduced 
hemoglobin  is  varied,  and  thus  the  potential  is  changed.  That  the 
potential  is  not  due  directly  to  the  oxyhemoglolDin  is  evident 
from  the  fact  that  carbon  monoxide  has  the  same  effect  as  oxj-gen 
on  the  potential  of  a  hemoglobin  solution. 

It  seems  quite  evident  that  the  oxygenation  of  hemoglobin  is  not 
an  oxidation  in  the  electronic  sense,  whereas  the  formation  of 
methemoglobin  is.  When  one  looks  for  an  analogous  pair  of 
simple  ferri  and  ferro  compounds  stable  in  alkaline  solution  and 
reversibly  oxidized  and  reduced,  one  is  immediately  struck  with 
the  similarity  between  hemoglobin  and  methemoglobin  on  the 
one  hand,  and  sodium  ferrocyanide  and  ferricyanide  on  the  other. 
The  work  of  Manchot  (4)  and  Baudisch  (5)  makes  this  line  of 
speculation  still  more  tempting.  Manchot  found  that  ferro  com- 
pounds of  the  type  Na3[Fe(CN)5NH2R]  combine  with  carbon 
monoxide  and  nitric  oxide  in  a  fashion  similar  to  hemoglobin. 
Baudisch  believes  the  compound  Naa  [Fe(CN)5(02)]  is  formed 
under  certain  conditions,  the  oxygen  being  loosely  held  by  one  of 
the  covalences  of  the  iron  in  the  same  manner  as  the  molecule  of 
amine  in  Manchot's  compound.  As  Manchot  pointed  out,  his 
compounds  differ  from  hemoglobin  in  their  action  with  carbon 
monoxide  only  in  that  the  absorption  is  irreversible. 

Na3  [Fe(CN)5NH2R]  +  CO  -^  Nas  [Fe(CN)5C0]  +  RNH, 

If  the  amino  group  were  part  of  a  complex  molecule  joined  at 
some  other  point  to  the  central  iron  atom,  the  two  products  on 
the  right  of  the  above  equation  would  be  part  of  the  same  mole- 
cule and  the  reversible  absorption  of  gas  by  a  single  molecule  might 
be  realized.     The  following  formulas  for  hemoglobin,  oxyhemo- 
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globin,  and  methemoglobin  represent  this  idea.  The  four  pyrrole 
rings  (found  in  hematin)  can  be  imagined  as  being  the  equivalent 
of  4  molecules  of  hj-drocyanic  acid,^  the  corresponding  ions 
(represented  by  Pr)  replacing  4  cj-anide  ions  in  Manchot's  com- 
pounds. The  fifth  cyanide  ion  is  replaced  in  these  formulas  by  an 
acidic  group  of  the  globin  molecule  (G)  while  a  free  amino  group 
of  the  same  protein  plays  the  role  of  the  easil}^  replaced  amine. 


Na: 


(NHa)  -1  r  (O2)  NH 

(Pr).Fe(OOC)  -    J  +  Oj^Naa  L(Pr)4Fe(00C)  -  G 
Hemoglobin  (ferro  compound).  Oxyhemoglobin 

(NH2)  - 


[(PrjJ 


Na2  |_(PrJ4Fe(00C)  -  ^J 
Methemoglobin  (fern  compound). 

While  these  formulas  are,  of  course,  speculative  and  incomplete 
it  might  be  worth  pointing  out  that  they  are  in  accord  with  several 
very  different  properties  of  hemoglobin.  The  relative  ease  with 
which  the  protein  is  split  off  from  the  hematin  part  of  the  molecule 
corresponds  on  the  basis  of  these  formulas  to  the  breaking  up  of  a 
complex  iron  salt  and  not  to  the  hydrolysis  of  an  amide  linkage. 
The  3  hj^drogen  atoms  of  the  complex  ferro  acid  in  hemoglobin 
(written  above  as  the  trisodium  salt)  by  analogy  with  ferrocy- 
anic  acid  ought  to  be  moderately  acidic  and  their  dissociation 
constants  would  be  presumably  greatly  affected  by  the  natm*e  of 
the  six  groups  attached  to  t"he  central  atom.  The  strength  of  the 
tri-basic  acids  corresponding  to  hemoglobin  and  oxyhemoglobin 
should  differ.  Henderson  (6)  as  a  result  of  his  study  of  the  absorp- 
tion of  carbon  dioxide  by  the  blood  beheves  that  this  must  be 
the  case.  If  the  acidic  hydrogen  atoms  involved  in  this  change 
were  part  of  ordinary  acidic  protein  groups  it  is  hard  to  see  why 
the  absorption  of  oxj^gen  in  some  other  portion  of  the  molecule 
should  materially  affect  their  dissociation  constants.  The  shift 
in  the  normal  oxidation-reduction  potential  of  hemoglobin 
referred  to  above,  which  seems  to  take  place  between  pH  8.5  and 
9.6,  would  be  interpreted  in  terms  of  these  formulas  by  the  differ- 
ence in  the  dissociation  constants  of  one  of  the  hydrogen  atoms  of 

^  There  is  considerable  chemical  similarity  between  pyrrole  and  hydro- 
cyanic acid. 


J.  B.  Conant  411 

the  ferro  and  ferri  complex  acids.  It  can  be  shown  that  if  this  is 
the  case  the  potential  of  the  hemoglobin-methemoglobin  system 
would  be  given  by  equation  (2)  in  which 


,  ,  RT  ,     [methemoglobin 

(2)         TT  =  TTo  +  — -  Zn 


F  [hemoglobin] 

Ki  and  K^  represent  the  dissociation  constants  of  the  weakest  of 
the  hydrogen  atoms  of  the  complex  ferri  acid  and  ferro  acid, 
respectively.  Such  an  equation  as  (2)  would  correspond  to  a 
shift  in  the  oxidation-reduction  potential  over  a  rather  small 
range  of  pH  in  which  [H+],  Ki,  and  K2  were  of  the  same  order  of 
magnitude;  for  all  other  ranges  the  potential  would  be  independent 
of  the  hydrogen  ion  concentration. 

Ferricyanide  Method  of  Determining  Combined  Oxygen. 

The  action  of  potassium  ferricyanide  on  hemoglobin  solutions 
which  is  the  basis  of  Haldane's  method  for  determining  the 
combined  ox^^gen,  is  readily  interpreted  now  that  the  relation 
between  hemoglobin  and  methemoglobin  has  been  established. 
Reduced  hemoglobin,  oxyhemoglobin,  and  free  oxygen  are  in 
equilibrium  in  the  solution;  the  ferricyanide  which  is  added  oxi- 
dizes the  reduced  hemoglobin  to  methemoglobin,  removing  one 
of  the  components  involved  in  the  equilibriimi.  Oxyhemoglobin, 
therefore,  dissociates  into  free  oxygen  and  reduced  hemoglobin 
as  fast  as  the  reduced  hemoglobin  is  changed  to  methemoglobin, 
and  the  process  continues  until  all  the  hemoglobin  is  converted  to 
methemoglobin  and  the  entire  oxygen  is  liberated.  Potassium 
ferricyanide  is  a  peculiarly  advantageous  reagent  for  this  oxida- 
tion as  it  is  stable  in  alkaline  solutions,  has  a  high  enough  oxida- 
tion potential,  and  yet  is  not  a  sufficiently  pow^erful  oxidizing 
agent  to  attack  the  protein.  The  reaction  between  it  and  hemoglo- 
bin may  be  represented  as  follows : 

Nas  [hemoglobin  ion]  +  Na3Fe(CN)6  -^  Na2  [methemoglobin  ion]  + 

Na4Fe(CN)6 
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E.rpcn'tucnts  icith  Ilonaii)'. 

Iloniatin  dissolved  in  solutions  of  pH  8.5  or  greater  alkalinity 
is  reduced  by  sodium  hydrosulfite  to  hemochromogen  which  in 
turn  is  oxidized  to  hcmatin  by  air  or  forricyanide.  The  reduction 
with  hydrosulfite  may  be  followed  by  the  change  in  potential  in 
exactly  the  same  manner  as  hemoglobin.  The  normal  potential 
of  this  reversible  reduction,  however,  is  much  lower  than  that  of 
hemoglobin,  being  about  -0,153  (±0.030)  in  pH  8.5,  -0.256 
(±0.020)in  pH  9.6,  and  -0.315(dr0.010)  in  pH  11.3.  The  experi- 
mental difficulties  in  this  electrometric  titration  seem  to  be  full,y 
as  great  as  those  encountered  with  hemoglobin  and  the  results 
may  be  in  error  by  30  or  40  millivolts.  Between  70  and  80  per 
cent  of  1  mol  of  sodiimi  hydrosulfite  per  mol  of  hematin  was 
used  up  in  each  titration.  This  indicates  that  the  reaction 
involves  tivo  hydrogen  equivalents  though  the  results  cannot  be 
considered  as  conclusive,  particularly  as  it  was  not  possible  to 
obtain  satisfactory  titrations  of  hemochromogen  with  ferricyanide. 
The  progressive  change  in  the  normal  potential  with  change  in 
pH  further  indicates  that  2  hydrogen  atoms  arc  involved  in  the 
reduction  which  would  be  represented  thus: 

Hematin  +  2H+  +  2E  t=;  hemochromogen 

The  potential  of  such  a  change  (which  is  the  usual  quinone  reduc- 
tion) is  given  by  the  equation : 

RT^  [hematin]  RT  ,       ,^^^^ 

IT   =   ^o    +  -T^  log :  +   -—-  log  IH+J 

2f         [hemochromogenj         F 
ryrp 

The  term  —  log    [H+]    in  this  equation  corresponds  roughly  to 
F 

the  change  in  potential  observed  with  variations  in  pH  values. 

Thus,  the  relation  l^etween  hematin  and  hemochromogen  seems 

to  be  similar  to  that  l^etween  quinone  and  hydroquinone,  the 

unsaturated  system  involving  the  pyrrole  rings  probably  being  the 

point  of  reduction.     If  this  is  the  case  the  reduction  of  hematin 

bears  no  relationship  to  the  reduction  of  methemoglobin  nor  of 

oxyhemogloljin,  ])Ut  finds  its  parallel  in  the  reduction  of  the  iron- 
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free  hematoporphyrin  to  the  leuco  compound,  which  we  have 
found  can  be  brought  al^out  bj^  vanadous  chloride  and  is  reversed 
by  ferric  chloride.  This  view  of  the  structiu'e  of  hemochromogen 
is  contrary  to  Kiister's  ideas  (7)  according  to  which  hemoglobin, 
oxyhemoglobin,  and  hemochromogen  are  ferro  compounds,  while 
methemoglobin  and  hematin  are  ferri  compounds.  Further  inves- 
tigations along  this  line  are  planned,  although  it  would  appear  that 
this  problem  is  but  distantly  related  to  the  oxidation  and  oxygena- 
tion of  hemoglobin. 

I  am  greatl}'  indebted  to  Dr.  Cohn  and  Dr.  Ferry,  not  only 
for  (nilisting  m\^  services  in  the  studj^  of  the  oxidation  of  hemo- 
globin but  also  for  much  advice  and  assistance  in  carrying  out 
the  present  work. 

SUMMARY. 

1.  The  oxidation  of  hemoglobin  to  methemoglobin  by  potas- 
sium ferricyanide  and  the  reduction  of  methemoglobin  to  hemo- 
globin by  sodium  hydrosulfite  can  be  followed  electrometricalty. 
The  change  involves  one  hydrogen  equivalent  and  has  a  definite 
oxidation-reduction  potential. 

2.  The  potential  of  a  mixture  of  hemoglobin  and  methemoglobin 
is  raised  by  passing  in  oxygen  or  carbon  monoxide,  and  lowered 
again  by  removing  these  gases  completely.  The  potential  of  an 
inert  electrode  inamersed  in  a  hemoglobin  solution  varies  with  the 
partial  pressure  of  the  ox^^gen  because  the  ratio  of  free  hemoglobin 
to  methemoglobin  is  varied  by  the  degree  of  oxygenation.  The 
change  of  hemoglobin  to  oxyhemoglobin  is  one  involving  oxj^gena- 
tion  and  not  oxidation. 

3.  By  representing  hemoglobin  as  the  sodium  salt  of  a  complex 
ferro  acid,  the  relationships  indicated  by  the  present  work  can  be 
adequately  expressed  and  the  analogy  between  hemoglobin  and 
Manchot's  amino-ferrocyanides  emphasized. 

4.  Preliminary  expermients  with  hematin  seem  to  indicate  that 
the  reduction  of  this  substance  to  hemochromogen  involves  the 
addition  of  2  hydrogen  atoms.  If  this  is  so,  the  relationship 
between  this  pair  of  compounds  has  no  bearing  on  the  problem  of 
the  oxidation  or  oxygenation  of  hemoglobin. 
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STUDIES  ON  YEAST. 
VII.   THE  DIETARY  PROPERTIES   OF  YEAST. 
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(Received  for  publication,  May  21,  1923.) 

Data  presented  in  a  previous  communication  (1)  from  this 
laboratory  showed  that  yeast  is  a  comparatively  rich  source  of 
vitamin  B.  The  statement  was  also  made  that  animals  receiving 
as  low  as  2.5  per  cent  of  air-dried  Saccharomyces  cerevisice  grew 
at  the  normal  rate,  and  that  reproduction  was  possible  on  this 
amount  of  yeast  in  the  diet  as  the  sole  source  of  vitamin  B, 
although  it  was  perhaps  not  normal.  Kennedy  and  Palmer  (2)  have 
reported  experiments  which  lead  them  to  believe  that  yeast  is  not 
an  unusually  rich  source  of  vitamin  B.  Apparently  from  their 
experiments  the  efficiency  of  yeast  depends  upon  the  manner  in 
which  the  yeast  is  fed.  They  state,  furthermore,  that  their 
animals  were  kept  under  favorable  conditions  for  reproduction, 
but  only  in  a  very  few  instances  were  young  produced,  and  these 
were  never  reared. 

Data  are  presented  in  this  paper  which  demonstrate  that  yeast 
is  a  rich  source  of  vitamin  B,  not  only  for  growth  but  for  repro- 
duction as  well.  This  is  of  importance  because  yeast  is  used  to 
a  considerable  extent  as  the  sole  source  of  vitamin  B  in  experi- 
mental rations,  and  it  is  also  being  widely  employed  in  experi- 
ments having  for  their  object  the  isolation  of  this  unknown  dietary 
factor.  Evans  and  Bishop  (3)  make  the  statement  that  animals 
fed  their  synthetic  diets  containing  yeast  as  the  sole  source  of 
vitamin  B  are  for  the  most  part  sterile  in  the  first  generation  and 
wholly  so  in  the  second  generation.  This  apparent  sterility  could 
be  overcome  by  the  incorporation  in  the  diet  of  small  amounts  of 
green  leaves  such  as  lettuce.  They  call  this  unknown  dietary 
factor  necessary  for  reproduction  vitamin  X. 

Data  are  also  presented  on  the  nutritive  value  of  yeast  proteins. 
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EXPERIMENTAL. 

Vigorous  rats  tVom  50  to  (iO  gin.  in  weight  were  used.  The 
animals  receivetl  an  adeciuate  growing  ration  supplemented  with 
whole  milk  before  they  were  placed  on  the  experimental  diets. 
The  rations  emplo\'ed  in  all  the  experiments  on  the  vitamin  B 
content  of  yeast  consisted  of  casein  18  per  cent,  salt  mixture  185 
(4)  3.7  per  cent,  filtered  butter  fat  5  per  cent,  yeast  in  various 
amounts  from  1  per  cent  up  to  and  including  8  per  cent,  and  the 
remainder  of  the  ration  to  100  per  cent  was  composed  of  dextrin. 
The  dextrin  was  prepared  by  moistening  starch  with  1  per  cent 
citric  acid  solution  and  autoclaving  the  mixture  at  20  pounds 
pressure  for  3  hours.  The  casein  was  puiified  by  washing  for 
several  weeks  with  water  acidified  with  acetic  acid.  No  casein 
was  employed  which  had  not  l)een  tested  to  insure  the  absence  of 
all  vitamin  B. 

The  yeast  employed  in  these  experiments  contained  no  filler, 
and  it  is  known  as  Saccharomijces  cerevisiw  (Fleischmann's  Race 
F).  In  order  to  save  space,  the  records  of  only  a  few  of  the  many 
animals  used  will  be  given  in  the  form  of  charts. 

Value  of  Various  Levels  of  Yeast  for  Growth  and  Reproduction. 

Animals  receiving  1  per  cent  of  air-dried  Saccharornyces  cere- 
visirp  as  the  sole  source  of  vitamin  B  as  a  general  rule  give  a  growth 
curve  which  is  below  normal.  None  of  the  females  has  produced 
ycung  on  this  amount  of  yeast,  and  only  one  of  the, twelve  rats 
employed  in  this  experiment  has  grown  at  the  normal  rate  for  a 
period  of  14  weeks.  A  few  of  the  animals  have  grown  normally 
for  a  period  of  2  to  3  months,  but  after  that  time  the  curve  of 
growth  has  flattened  out. 

A\nien  1.5  per  cent  of  air-dried  yeast  is  added  to  the  diet,  the 
curves  of  growth  are  better  than  when  1  per  cent  is  used.  Several 
of  the  rats  have  grown  at  about  the  normal  rate  over  a  period  of 
4  months  or  more.  On  the  other  hand,  a  few  of  the  animals  did 
not  grow  normally  for  such  a  long  period  of  time.  Two  females 
produced  young,  but  the  young  were  undersized  and  died  shortly 
after  birth. 

AVhen  2  per  cent  and  higher  levels  of  air-dried  yeast  are  incor- 
porated in  the  diet,  normal  growth  and  reproduction  result.     In 
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order  to  save  space  only  two  charts  recording  the  performance 
of  animals  on  two  different  levels  of  yeast  intake  are  given.  Chart 
1  shows  the  rapid  growth  of  first  generation  animals  on  a  diet 
containing  2.5  per  cent  of  air-dried  yeast  as  the  sole  source  of 
vitamin  B.  The  same  types  of  growth  curves  and  reproduction 
records  were  obtained  on  2  per  cent  of  air-dried  yeast  and  upon 
levels  of  yeast  greater  than  2.5  per  cent.  The  young  were  normal 
in  weight  when  Ijorn,  and  the  size  of  the  litters  was  practically  the 
same  as  on  a  good  breeding  ration.     The  reproduction  records  of 
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Chart  1.  Curves  of  growth  and  reproduction  records  of  animals  whose 
diet  contained  2.5  per  cent  of  air-dried  yeast  as  the  sole  source  of  vitamin  B. 
There  is  no  question  of  the  capacity  of  these  animals  to  reproduce.  Only  6 
of  the  59  young  produced  on  this  ration  have  been  reared. 

all  the  animals  are  shown  in  Table  I.  The  data  presented  in  this 
table  show  that  of  the  large  number  of  young  born  on  the  various 
levels  of  yeast  intake,  only  comparatively  few  were  reared.  The 
majority  of  the  young  died  during  the  suckling  period.  The 
sixth  colmim  in  Table  I  headed  "Total  No.  of  young  that  died" 
includes  only  the  young  which  were  cared  for  by  the  mothers  in  a 
normal  manner,  but  notwithstanding  this  care  died  in  an  emaciated 
condition.  The  figures  in  this  column  do  not  include  the  young 
devoured  by  the  mothers  nor  the  young  which  were  purposely 
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dcstroj-cd  because  the  mothers  cither  died  or  failed  to  care  for  the 
young.  The  number  of  young  produced  by  all  the  animals  totaled 
308  and  of  this  number  53  were  reared  to  maturity.  The  table 
also  shows  that  on  2.5  per  cent  of  yeast  fifteen  young  were  reared, 
but  only  six  of  these  young  were  brought  to  maturity  on  this 
amount  of  yeast;  the  remaining  nine  received  tomato  juice  equiva- 
lent to  1.5  cc.  per  daj^  in  addition  to  the  yeast.  It  was  believed 
that  some  unknown  constituent  was  missing  from  the  diet  which  is 
necessary  for  normal  milk  production  or  normal  milk  composition 


TABLE  I. 


Per- 
centage 
of  yeast 

in 
ration. 

No.  of 
male.* 

on 
ration. 

No.  of 
females 

on 
ration. 

No.  of 
litters 
pro- 
duced. 

Total 
No.  of 
young 
born. 

Total 

No.  of 
young 
that 
died. 

Total 
No.  of 
young 
reared. 

Young 

con- 
sumed 

by 
mothers. 

Young 

that  died 

for  lack 

of  care 

by 
mothers. 

0 

Young 
that  died 

because 

mothers 

died. 

1 

4 

7 

0 

0 

0 

0 

0 

0 

1.0 

3 

7 

2 

12 

6 

0 

0 

6 

0 

2 

1 

4 

4 

28 

12 

0 

16 

0 

0 

2.5 

10 

14 

11 

59 

35 

15 

0 

5 

4 

3 

5 

4 

5 

40 

33 

0 

0 

0 

7 

3.5 

6 

10 

6 

42 

14 

14 

14 

0 

0 

4 

1 

3 

1 

7 

7 

0 

0 

0 

0 

5 

9 

14 

12 

58 

12 

24 

10 

12 

0 

8 

1 

4 

4 

16 

12 

4 

0 

0 

0 

4* 

1 

3 

1 

6 

0 

0 

0 

6 

0 

5* 

3 

7 

5 

24 

23 

1 

0 

0 

0 

6* 

1 

6 

2 

10 

6 

4 

0 

0 

0 

12* 

1 

3 

1 

6 

6 

0 

0 

0 

0 

*  Signifies  undried  yeast  containing  32  per  cent  of  air-dried  solids. 

and  so  directly  concerned  in  the  successful  nutrition  of  the  young, 
and  for  that  reason  tomato  juice  was  added.  This  small  amount 
of  tomato  juice  has  been  partially  successful  in  preventing  the  high 
mortality  of  the  young,  but  the  same  amount  of  orange  juice  does 
not  improve  the  well  being  of  the  suckling. 

Chart  2  shows  the  growth  curves  of  second  generation  animals 
receiving  5  per  cent  of  air-dried  yeast  as  the  only  source  of  vitamin 
B  in  the  diet.  It  will  be  noted  that  these  animals  reproduced,  the 
resulting  young  constituting  the  third  generation.  The  majority 
of  the  third  generation  young  have  been  reared. 
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The  young  produced  on  these  various  levels  of.  yeast  (from  2 
to  8  per  cent  of  air-dried  yeast  and  from  4  to  12  per  cent  of  undricd 
yeast)  have  been  normal  in  every  way.  Repeated  experiments 
have  demonstrated  the  fact  that  when  the  young  were  placed  with 
mothers  on  a  good  breeding  ration  the  young  were  reared,  whereas 
when  the  young  from  mothers  on  the  breeding  ration  were  given 
to  the  yeast-fed  mothers  the  young  succumbed.  There  can  be  no 
doubt  that  the  mothers  on  these  various  yeast  rations  were 
secreting  milk,  otherwise  it  is  difficult  to  understand  how  the  j^oung 
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Chart  2.  Curves  of  growth  and  reproduction  records  of  second  genera- 
tion animals  receiving  5  per  cent  of  air-dried  yeast  in  the  diet  as  the  sole 
source  of  vitamin  B.  Three  females  have  had  young.  The  third  genera- 
tion, produced  by  Females  160  and  161,  has  been  reared. 

could  live  as  long  as  4  or  5  weeks  before  they  died.  As  a  general 
rule  the  young  developed  an  emaciated  condition  and  died  in  a 
period  of  time  varying  from  1  to  4  weeks. 

The  rations  employed  in  these  experiments  differ  from  those 
used  by  Evans  and  Bishop  (3)  primarily  in  the  fat  quota.  We  are 
inclined  to  beheve  that  there  is  an  optimum  concentration  of 
fat  tolerated  by  the  animal  body,  and  that  if  this  optimum  con- 
centration is  exceeded  sterility  results.  We  have  fed  four  rats 
on  a  diet  consisting  of  casein  18  per  cent,  filtered  butter  fat  5  per 
cent,  lard  10  per  cent,  salt  mixture  185,  3.7  per  cent,  air-dried 
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yeast  3.5  per  cent,  and  dextrin  to  100  per  cent.  Although  the 
annuals  have  grown  l)etter  than  the  normal  rate,  not  one  of  the 
three  females,  now  7  months  old,  has  reproduced  on  this  ration. 
Results  similar  to  those  obtained  with  yeast  have  been  secured 
with  wheat  embryo  as  the  sole  source  of  vitamin  B.  We  expect  to 
report  later  on  the  relation  of  salts,  fat,  and  wluvit  cnihryo  on 
growth,  and  especially  on  reproduction. 

It  has  been  observed  repeatedly  with  a  large  numlx^r  of  animals 
that  when  salt  mixture  185  (4)  is  employed  in  these  rations  to  the 
extent  of  5  per  cent,  the  animals  are  almost  without  exception 
sterile  although  they  grow  at  the  normal  rate  to  maturity.  Future 
work  will  determine  whether  the  failure  of  the  young  to  grow  on 
these  various  levels  of  yeast  is  to  be  ascribed  to  the  difference  in 
vitamin  B  necessary  for  growth  and  that  required  for. milk  secre- 
tion and  normal  milk  composition,  or  whether  another  unknown 
dietary  factor  must  be  taken  into  account.  Evidence  accumulated 
in  this  laboratory  indicates  that  it  is  not  alone  a  question  of  the 
level  of  vitamin  B.  Even  upon  8  per  cent  air-dried  yeast  all  the 
young  were  not  reared,  and  this  is  four  times  the  amount  necessarj^ 
for  normal  growth  to  maturity-. 

Value  of  Yenst  Proteins  for  Growth  and  Reproduction. 

Data  in  the  literature  are  conflicting  concerning  the  diotar}' 
properties  of  yeast  proteins.  Funk,  Lylc,  and  McCaskey  (5) 
state  that  a  large  part  of  j^east  nitrogen  has  no  food  value.  They 
state,  furthermore,  that  young  rats  can  live  on  yeast  as  the  sole 
source  of  nitrogen  for  a  long  while,  although  it  has  not  been  proved 
that  they  can  do  so  indefinitely.  Osborne  and  Mendel  (6)  found 
that  yeast  proteins,  at  certain  levels,  furnish  all  of  the  amino-acids 
necessary  for  growth.  Their  data  concerning  the  value  of  these 
diets  for  reproduction  were  not  conclusive,  however.  Some  of 
the  animals  proved  to  be  sterile.  In  other  experiments  in  which 
3'east  had  been  used  as  a  sole  source  of  vitamin  B  they  also  noted 
that  the  animals  were  sterile,  but  due  to  the  fact  that  two  of  the 
four  males  fed  yeast  as  the  sole  source  of  protein  were  fertile,  they 
drew  the  conclusion  that  it  was  not  the  yeast  per  se  which  caused 
the  sterility. 

Air-dried  Saccharomyces  cerevisice  (Fleischmann's  Race  F) 
contains  43  per  cent  of  crude  protein.     The  following  amounts  of 
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air-dried  yeast  expressed  in  percentage  were  fed  in  these  experi- 
ments: 25,  30,  35,  40,  45,  and  50.  These  figures  correspond, 
respectively,  to  the  following  amounts  of  crude  yeast  protein  in 
the  diet,  expressed  in  percentage:  11.50,  13,80,  16.10,  18.40, 
20.70,  and  23.00.  Account  must  be  taken  of  the  fact  that  a 
considerable  quantity  of  the  nitrogen  of  yeast  is  present  in  forms 
other  than  protein,  but  how  much  of  the  nitrogen  is  so  represented 
is  not  known.  In  order  to  economize  space  only  two  charts  are 
given. 
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Chart  3.  Typical  cui'ves  of  growth  and  reproduction  records  of  animals 
receiving  45  per  cent  of  yeast  as  the  sole  source  of  protein  in  the  diet.  This 
amount  of  yeast  corresponds  to  20.70  per  cent  of  crude  yeast  proteins. 

Chart  3  shows  the  type  of  growth  curve  obtained  when  45  per 
cent  of  air-dried  yeast  is  employed  as  the  only  source  of  protein. 
The  ration  consisted  of  air-dried  Saccharomyces  cerevisice  45  per 
cent,  corresponding  to  20.70  per  cent  of  crude  yeast  proteins, 
sodium  chloride  1  per  cent,  calcimn  carbonate  1  per  cent,  filtered 
butter  fat  5  per  cent,  and  the  remainder  of  the  ration  to  100  per 
cent  Avas  composed  of  dextrin.  A  large  nmnber  of  experiments 
performed  in  this  laboratory  .demonstrate  conclusively  that 
animals  are  not  sterile  on  this  amount  of  yeast  intake,  and  that  the 
proteins  of  j^east  at  this  level  furnish  all  of  the  amino-acids  neces- 
sary for  growth  and  reproduction.     Furthermore,  sodium  chloride 
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and  calcium  carbonate  arc  the  only  inorganic  constituents  that  it 
is  necessary  to  add  in  order  to  obtain  normal  growth.  In  this 
respect  yeast  is  similar  to  seeds  which  are  known  to  be  too  low  for 
normal  growth  and  well  l)eing  in  the  three  ions,  calcium,  sodium, 
and  chlorine.  Animals  167,  168,  169,  and  171  are  j^oung  which 
were  produced  by  Females  164  and  166.  The  curves  of  growth  of 
the  yoimg  are  below  normal.  The  young  grew  slowly  for  a  con- 
sitleral)le  period  of  time  shortly  after  they  were  weaned.  This 
part  of  the  growth  curve  is  not  shown  in  the  chart.  In  spite  of 
the  fact   that  the  curves  of  growth  arc  not  normal,  the  chart 


Chart  4.  Curves  of  growth  of  rats  receiving  30  and  2o  per  cent  of  yeast 
in  the  diet  as  the  sole  source  of  protein.  Animals  204,  205,  and  206  received 
30  per  cent  and  the  others,  25  per  cent  of  yeast. 

shows  that  two  of  the  second  generation  animals  have  thus  far 
had  young  which  likewise  have  grown  below  the  normal  rate. 
Third  generation  animals  have  been  reared  not  only  on  a  level 
of  45  per  cent  of  yeast  but  also  on  40,  35,  and  30  per  cent  of  yeast 
intake.  In  practically  all  cases  the  second  and  third  generation 
animals  have  grown  below  the  normal  rate,  although  the  second 
generation  young  have  almost  without  exception  proved  fertile. 
Chart  4  shows  typical  curves  of  growth  obtained  on  rations 
containing  30  and  25  per  cent  of  yeast  as  the  sole  source  of  protein. 
Animals  204,  205,  and  206  received  the  following  ration:  yeast 


Nelson,  Heller,  and  Fulmer  423 

30  per  cent,  sodium  chloride  1  per  cent,  calcium  carbonate  1  per 
cent,  filtered  butter  fat  5  per  cent,  and  dextrin  63  per  cent.  At 
the  point  marked  x  the  sodium  chloride  and  calcium  carbonate 
were  substituted  for  a  salt  mixture  equivalent  to  3.0  per  cent. 
Growth  and  reproduction  were  normal.  Third  generation  animals 
have  been  reared  on  this  level  of  yeast,  although  the  second  and 
third  generation  animals  grew  below  the  normal  rate,  especially 
during  and  shortty  after  the  weaning  period.  Rats  289,  290,  291, 
292,  and  293  received  a  ration  consisting  of  yeast  25  per  cent, 
filtered  butter  fat  5  per  cent,  sodium  chloride  1  per  cent,  calcium 
carbonate  1  per  cent,  and  dextrin  to  100  per  cent.  Growth  is 
normal  in  the  first  generation,  and  the  young  are  produced  at 
normal  intervals,  but  the  young  do  not  grow  at  the  normal  rate. 
At  11  weeks  of  age  the  surviving  individuals  weigh  only  about 
50  to  60  gm.  each.  Wliether  the  failure  of  the  young  to  grow 
normally  is  due  to  an  inadequacy  of  the  ash  constituents,  an 
insufficiency  of  amino-acids,  or  to  both  of  these  factors,  it  is  difficult 
to  say.  Animals  on  50  per  cent  of  yeast  as  the  sole  source  of 
protein  grow  normally  for  about  3  to  4  months  when  the  curves  of 
growth  flatten  out.  At  this  level  of  intake  yeast  is  apparently 
toxic.  Just  as  in  the  preceding  experiments  on  yeast  as  a  source 
of  vitamin  B,  it  has  been  conclusively  demonstrated,  on  a  large 
number  of  animals,  that  when  these  various  levels  of  yeast  are 
fed,  together  with  5  per  cent  of  salt  mixture  185  (4)  the  animals 
are  almost  without  exception  sterile. 

The  writers  desire  to  thank  The  Fleischmann  Company  for 
supplying  the  yeast  employed  in  these  experiments. 

SUMMARY. 

1 .  The  postulation  of  a  new  vitamun  for  reproduction  is  unnec- 
essary. Third  generation  animals  have  been  reared  on  5  per  cent 
of  j^east  as  the  sole  source  of  vitamin  B  in  the  diet. 

2.  The  majority  of  the  young  are  not  reared  on  synthetic 
diets  containing  yeast  as  the  only  source  of  vitamin  B. 

3.  When  5  per  cent  of  salt  mixture  185  is  employed  in  the  diet^ 
the  majority  of  the  animals  are  sterile. 

4.  Yeast  proteins  are  good  proteins.  Third  generation  animals 
have  been  obtained  on  45,  40,  35,  and  30  per  cent  of  yeast  in  the 
diet  as  the  sole  source  of  protein. 
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5.  On  25  per  cent  of  yeast  as  the  sole  source  of  protein  the  young 
grow  far  below  th(>  normal  rate. 

().  There  is  nothing  of  a  toxic  nalur(>  in  yeast  to  accoinit  for  the 
failure  of  the  young  to  develop  when  yeast  is  employed  as  the  sole 
source  of  vitamin  B. 

7.  In  order  to  make  the  ash  constituents  of  yc^ast  complete, 
only  the  inorganic  ions,  calcium,  sodium,  and  chlorine  need  he 
added. 
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THE  ACTION  OF  PROTEOLYTIC  ENZYMES  UPON  INSULIN. 

By  E.  J.  WITZEMANN  and  LAURA  LIVSHIS. 

(From  the  Olho  S.  A.  Sprague  Memorial  Institute,  Laboratonj  of  Clinical 
Research,  Rush  Medical  College,  Chicago.) 

(Received  for  publication,  June  29,  1923.) 

Insulin  is  the  name  applied  to  a  solution  obtained  from  the 
pancreas  of  animals  which  has  the  power  of  increasing  the  combus- 
tion of  carbohydrates  in  diabetes.  Just  what  this  solution  con- 
tains that  has  this  property  is  by  no  means  entirely  known.  In 
this  paper  results  obtained  by  the  action  of  commercial  proteolytic 
enzymes  on  insulin  are  described.  The  results  obtained  indicate 
that  insulin  is  protein-like  in  nature. 

Protein  Nature  of  Insulin. 

Insulin  preparations  obtained  by  the  Collip  method  show  the 
typical  qualitative  reactions  of  proteins.  This  means,  if  insulin 
itself  is  not  a  protein  or  polypeptide,  that  it  is  contaminated  with 
alcohol-soluble  protein.  The  simplest  and  most  obvious  way  to 
determine  whether  the  substance,  having  the  properties  of  insulin, 
is  thus  contaminated  with  protein  is  to  subject  the  preparation  to 
the  action  of  proteolytic  enzymes^^  by  which  the  presumably  con- 
taminating proteins  would  be  removed  by  hydrotysis.  If  the 
solutions  still  showed  activity  it  would  prove  that  the  protein  was 
merely  an  impurity. 

A  series  of  experiments  were  done  with  trypsin,  papain,  and 
pepsin,  using  Lilly  and  Co.'s  iletin  and  our  own  insulin  (prepared 
by  Collip's  method^). 

'  Banting  and  Best  (Banting,  F.  G.,  and  Best,  C.  H.,  /.  Lab.  and  Clin. 
Med.,  1921-22,  vii,  251)  state  that  pancreatic  juice  destroys  the  activity  of 
the  liquid  pressed  off  of  macerated  degenerated  dog  pancreas.  This  is 
the  only  statement  concerning  the  behavior  of  insulin  preparations  toward 
proteolytic  enzj-mes  that  we  have  been  able  to  find  in  the  literature. 

2  Until  about  Mar.  15,  1923,  our  own  insulin  was  all  required  for  clinical 
use,  but  we  were  sometimes  given  certain  Lilly  and  Co.  preparations  for 
chemical  experimentation.  Since  that  date  we  have  received  no  such 
preparations  and  have  used  our  own. 
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Action  of  Trypsin  on  Insulin— 7.5  cc.  of  a  Lilly  and  Co.  prepara- 
tion of  iletin  (No.  675G9.725708)  containing  40  units  in  5  cc. 
(label)  were  diluted  with  an  equal  volume  of  water.  Of  this  5  cc. 
were  placed  in  a  flask  as  Experiment  1.  The  remaining  distinctl.y 
acid  solution  was  neutralized  to  litmus  with  NaHCOs  and  a  small 
excess  added.  This  gave  a  solution  having  the  optimum  reaction  for 
peptone  hydrolysis  with  trypsin;  i.e.,  the  reaction  of  a  NaHCOs 
solution  containing  free  CO2.  Half  of  this  solution  constituted 
Experiment  2.  To  the  remainder  0.01  gm.  of  trypsin  (powder) 
was  added.  After  standing  42  hours  at  room  temperature  1  cc. 
of  these  solutions  was  injected  into  three  rabbits  (approximately 
2  kg.)  that  had  been  fasted  for  18  hours. 


First  Series. 


No. 

Material  used. 

Blood  sugar. 

Blood  taken. 

Before. 

After. 

1 

5  CC.  diluted  iletin 

per  cent 

0.13 
0.15 

0.14 

per  cent 

0.043 
0.057 

0.13 

After    1.5    hrs.    (in 

2 
3 

5  "          "           "      +  NaHCO,... 

5  "         "           "      +            "    + 
0  01  gm.  trypsin 

convulsions). 
After    2    hrs.     (no 

convulsions). 
After    2    hrs.     (no 

convulsions). 

Second  Series. — The  above  experiments  were  repeated  with  our 
own  preparation  of  insulin.  0.03  gm.  of  trypsin  was  suspended  in 
7.5  cc.  of  water.  6.0  cc.  of  insulin  (No.  4.5,  of  which  0.3  cc.  pro- 
duced pronounced  convulsions  in  less  than  2  hours)  were  diluted 
with  4  cc.  of  water  and  treated  with  a  slight  excess  of  NaHCOj. 

The  experunents  were  set  up  as  stated  in  the  table  and  after  42 
hours  1  cc.  portions  of  the  solutions  were  injected  into  ±2  kg. 
fasted  rabbits  as  before. 

Second  Series. 


Material  used. 

Blood  sugar. 

Blood  taken. 

No. 

Before. 

After. 

1 

1.5  cc.  insulin  No.  45  +   3.5   cc. 
water 

per  cent 
0.13 

per  cent 

0.03 

After   1.25  hrs.    (in 
convulsions). 
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Material  used. 

Blood  sugar. 

Before. 

After. 

2 
3 
4 

5 

2.5   cc.    insulin    +    NaHCOs    + 
2.5  cc.  water 

2.5    cc.    insulin    +    NaHCOs    + 
2.5  cc.  trypsin  solution 

2.5    cc.    insulin    +■  NaHCOs    + 
2.5  cc.  trypsin  solution  (boiled 
5  min.  before  adding  to  destroy 
the  enzyme) 

2.5  cc.  trypsin  solution  +  2.5  cc. 
water 

0.12 
0.12 

0.14 
0.15 

0.023 
0.13 

0.037 
0.14 

After  1.25  hrs.    (in 
convulsions). 

After    2    hrs.     (no 
convulsions). 

After    2     hrs.     (no 
convulsions). 

After    2     hrs.     (no 
convulsions). 

Third  Series. — The  experiments  in  the  second  series  were 
repeated  using  our  own  insuhn  (No.  52)  of  which  0.2  cc.  produced 
convulsions  in  less  than  2  hours. 

Third  Series. 


No. 

Material  used. 

Blood  sugar. 

Blood  taken. 

Before. 

After. 

1 

1.5  cc.  insulin  No.  52  +  3.5  cc. 
water    .                          

per  cent 

0.10 
0.10 

0.10 

0.10 
0.10 

per  cent 

0.03 
0.03 

0.10 

0.03 
0.11 

After   1.25  hrs.    (in 
convulsions). 

2.5  cc.  insulin  +  NaHC03+  2.5 
cc.  water 

After       45        min. 
(died       in      con- 

3 
4 

2.5  cc.  insulin  +  NaHCOs  +  2.5 
cc.  trypsin  solution 

2.5  cc.  insulin  +  NaHCOs  +  2.5 
cc.  trypsin  solution  (heated  12 
min.  in  boiling  water  to  destroy 
the  enzyme) 

vulsions). 
After    2     hrs.     (no 

convulsions). 
After    2     hrs.     (no 

convulsions). 

5 

2.5  cc.  trypsin  solution  +  2.5  cc. 
water 

After    2     hrs.     (no 
convulsions). 

Action  of  Papain  on  Iletin. — Similar  experiments  were  made 
using  the  same  Lilly  and  Co.  preparation  as  before  and  commercial 
papain  as  the  proteolytic  enzyme.     7.5  cc.  of  iletin  were  diluted 
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with  7.5  cc.  of  water  and  treated  witli  a  slight  excess  of  XaHCO.^ 
since  Oppcnheimer'  states  that  papain  works  best  in  nearly  neutral 
solution. 

After  standing  45  hours  at  room  temperatiii'e  1  cc.  portions  of 
the  solutions  were  injected  into  ±2  kg.  fasted  rabbits  as  usual. 

Papain  Experimenls. 


Material  used. 

Blood  sugar. 

Blood  taken. 

No. 

Before. 

After. 

1 

5  cc    diluted  iletin     

per  cent 

0.11 
0.12 
0.125 
0.135 

per  cent 

0.025 
0.030 
0.125 
0.135 

After   1.5  hrs.      (in 

2 
3 

5  "          "           "      +  XaHC03... 

-    {<               a                c(        j_                  a 

+  0  01  gni.  papain 

convulsions). 
After   1.25  hrs.    (in 

convulsions). 
After    2     hrs.     (no 

convulsions). 
After    2     hrs.     (no 

convulsions). 

4 

5  cc.  water  +  0.01  gm.  papain  ..  . 

Action  of  Pepsin  on  Iletin. — The  same  Lilly  and  Co.  preparation 
was  tested  with  commercial  pepsin.  7.5  cc.  of  iletin  were  neutra- 
lized with  a  slight  excess  of  XaHCOs.  0.3  gm.  of  pepsin  were 
suspended  in  0.2  per  cent  hydrochloric  acid  solution. 

After  45  hours  1  cc.  portions  of  the  solutions  were  injected  into 
±2  kg.  fasted  rabbits  as  before. 

Pepsin  Experiments. 


Blood  sugar. 

Blocd  taken. 

No. 

Material  used. 

Before. 

After. 

per  cent 

per  cent 

1 

2.5  cc.  iletin  +  2.4  cc.  water   

0.11 

0.025 

After  1.5  hrs.  (in 
convulsions). 

2 

2.5  cc.  iletin  +  XaHCOa  +  2.5  cc. 

After      1     hr.      (in 

water 

0.14 

0.024 

convulsions'). 

3 

2.5  cc.  iletin  +  XaHCOa  +  2.5  cc. 

After    2     hrs.     (no 

pepsin  solution 

0.13 

0.10 

convulsions). 

4 

2.5  cc.  iletin  +  XaHCOj  +  2.5  cc. 
pepsin  solution  (boiled  5  min. 

After  2  hrs.  (no 
convulsions). 

to  destrov  enzvme) 

0.13 

0.03 

5 

2.5  cc.  pepsin  solution  +  2.5  cc. 

After    2     hrs.     (no 

water 

0.13 

0.15 

convulsions). 
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Interpretative  Experiments. — 'The  above  experiments  indicate 
that  insulin  is  protein-like  in  nature.  Before  definitely  concluding 
that  this  is  true  it  was  desired  to  criticize  this  result  experimentally 
as  completel}^  as  possible. 

It  was  found  in  other  expei'iments  that  0.5  N  NH4OH  inactivates 
insulin  after  0  days  as  room  temperature  and  that  its  activity  is 
restored  at  once  after  slightly  acidifjang  the  solution  with  h3^dro- 
chloric  acid.^  The  recent  work  of  von  Euler  and  Myrback^  and 
von  Euler  and  Svanberg"  showed  that  saccharase  is  reversibly 
"poisoned"  by  2>phenylenediamine,  p-toluidine,  anihne,  and 
phenylhydrazine.  Moreover,  the  activities  of  certain  proteolytic 
enzymes  are  decreased  by  the  presence  of  products  of  digestion.^ 
It  was  therefore  thought  possible  that  insulin  was  inactivated  in 
the  above  experiments  by  the  digestion  products  of  foreign  pro- 
tein present  in  its  solutions. 

Influence  of  Digestion  Products  on  Insulin. — ^1.5  cc.  of  insulin 
(No.  45)  +  3.5  cc.  of  water  were  treated  with  0.01  gm.  of  trypsin 
at  room  temperature  for  2  daj'S.  The  flask  was  then  immersed 
in  a  boiling  water  bath  for  10  minutes.  After  cooling  1.5  cc,  of 
insulin  (No.  45)  were  added.  The  next  day  1.-3  cc.  of  the  mixture 
were  injected  into  a  fasted  2  kg.  rabbit.  The  rabbit  developed 
convulsions  in  2  hours.  The  blood  sugar  was  0.13  per  cent  before 
injection  and  0.04  per  cent  2  hours  later.  The  dose  as  given  was 
equivalent  to  0.3  cc.  of  the  undiluted  insulin  (No.  45) > which  alwaj^s 
produced  convulsions  in  about  2  hours  and  reduced  the  blood  sugar 
to  0.02  to  0.04  ]Der  cent  in  2  hours.  This  experiment  shows  that 
insulin  is  neither  neutralized  nor  inactivated  b}^  the  chemical 
action  of  the  products  of  tryptic  digestion  of  the  proteins  present 
in  insulin  prepared  from  beef  pancreas.  These  results  do  not  give 
any  basis  for  modifjung  the  conclusion  that  insulin  is  protsin-like 
in  nature. 

Formal  Titration  of  a  Trypsin  Digestion  of  Insulin. — If  it  could 
be  shown  that  the  "digestion"  of  insulin  does  not  increase  the 
formol  titration  of  the  solution  it  would  indicate  that  the  influence 

*  These  observations  will  be  described  in  full  in  a  paper  now  in 
preparation. 

*  von  Euler,  H.,  andMyrback,  K.,  Z.  physiol.  Chem.,  192.3,  cxxv,  297. 

'^  von  Euler,  H.,  and  Svanberg,  O.,  Fermentforsch.,  1920-21,  iv,  29,  54. 
^  Oppenheimer,^  p.  78. 
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of   proteolytic   enzymes  was   some    chemical   effect   other  than 
digestion. 
The  experiments  were  set  up  as  follows: 


No. 

Material  used. 

1 
2 

3 

7  cc.  trypsin  solution  (0.025  gm.  of  trypsin)  +  3  cc.  water. 
7    "       "  "            "          (0.025    "     "         "      )  +  3    "    insulin 

No.  45. 
3  cc.  insulin  No.  45  +  7  cc.  water. 

After  standing  2  days  at  room  temperature  these  solutions  were 
titrated  by  the  usual  formol  titration  method.  When  the  results 
for  Nos.  1  and  3  were  added  together  and  compared  with  those 
for  digested  insulin  in  No.  2  it  was  evident  that  the  amino-acid 
content  of  No.  2  was  increased  corresponding  to  1.73  cc.  of  0.1  x 
NaOH;  i.e.,  about  50  per  cent. 

This  shows  that  the  digestion  of  insulin  solution  gives  rise  to 
titrable  amino-acids,  but  of  course  this  experiment  alone  does  not 
indicate  whether  they  were  derived  from  protein  impurities  or 
from  insulin. 

Does  the  Protein  Serve  as  a  Colloid  Protector? — It  has  been  sug- 
gested that  the  protein  in  enzyme  preparations  acts  as  a  colloid 
protector.  This  idea  rests  on  such  observations  as  those  of  Paal, 
who  found  that  colloidal  palladium  suspended  in  proteins  is 
rendered  inactive  as  a  catalyst  for  h3'drogenation,  when  the  pro- 
tein is  digested  with  enzymes.  This  did  not  occur  when  the  protein 
was  replaced  by  protalbic  and  lysalbic  acids,  which  are  not  much 
digested  by  proteolytic  enzymes.  Waentig  and  Steche,^  who 
destroyed  catalase  wdth  trypsin,  considered  at  first  that  possibly 
the  protein  colloid  protector  only  had  been  digested.  On  the 
basis  of  later  and  exhaustive  studies  on  catalase  Waentig  and 
Gierisch^  concluded  that  this  reservation  does  not  apply,  that 
catalase  is  really  a  protein  and  that  its  inactivation  bj^  proteolytic 
enzymes  is  not  due  to  the  destruction  of  a  protective  colloid. 

Therefore,  this  suggestion  can  certainly  not  stand  against  the 
protein-like  nature  of  insulin  until  some  tangible  basis  for  its 
support  is  discovered. 

5  Waentig,  P.,  and  Steche,  O.,  Z.  physiol.  Chem.,  1913,  Ixxxiii,  315. 
3  Waentig,  P.,  and  Gierisch,  W.,  Fennentforsch.,  1914-16,  i,  165. 
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Discussion  of  Results  Obtained  with  Proteolytic  Enzymes. — The 
above  results  with  trypsin,  papain,  and  pepsin  prove  that  these 
enzymes  destroy  the  activity  of  insuhn  preparations.  That  this 
is  not  a  simple  neutralization  is  indicated  by  the  fact  that  boiled 
trypsin  and  pepsin  do  not  change  the  activity  of  insulin  even  on 
standing  in  contact  with  it  for  42  hours  and  by  the  fact  that 
digested  insulin  does  not  inactivate  undigested  insulin.  The 
simplest  conclusion  from  these  results  is  that  insulin  itself  is 
protein-like  in  nature. 

Such  a  conclusion  is  in  harmony  with  the  existing  knowledge  con- 
cerning the  best  known  enzymes,  and  there  is  no  a  priori  theoretical 
reason  for  doubting  its  truth.  In  fact,  since  enzymes  must  be 
elaborated  and  manipulated  within  protoplasmic  systems,  it  seems 
simple  and  logical  to  assume  that  they  will  have  solubility  relations 
well  suited  to  this  medium.  All  in  all,  similarity  in  constitution  is 
one  of  the  safest  guarantees  of  solubility  now  known.  We  could, 
therefore,  reasonabty  expect  compounds,  so  indispensably  related 
to  protoplasmic  activity  as  enzymes  are,  to  have  definite  struc- 
tural relationships  to  the  proteins  in  their  constitution.  Such  an 
arrangement  would  help  to  simplify  the  problem  of  organizing 
vital  processes  as  it  exists  in  higher  organisms.  Thus  the  un- 
specialized  proteins  of  the  cell  would  constitute  the  raw  material 
from  which  enzymes  could  be  elaborated  at  once  when  needed; 

On  the  other  hand,  the  idea  that  enzymes  may  generally  be 
protein-like  does  not  mean  that  they  are  not  strikingly  different  in 
some  respects  from  the  rank  and  file  of  proteins. 

The  conclusion  that  insulin  is  protein-like  in  nature  is  con- 
tradicted by  the  results  of  Best  and  ]Macleod,^'''who  isolated  from 
fish  (skate)  an  insulin  preparation  that  does  not  give  the  color 
reactions  for  protein.  They  also  state  the  following:  "That  the 
trace  of  protein  in  ox  insulin  preparations  is  an  impurity  is  evi- 
denced by  the  fact  that  after  precipitation  with  phosphotungstic 
acid  and  removal  of  the  latter  b}^  ether  and  barium  the  preparation 
retains  its  powers  to  cause  hypoglycemia."  On  the  other  hand, 
all  their  preparations  from  ox  pancreas  gave  the  color  reactions  for 
proteins.     The    solid   insulin    preparation    described   by    Doisy, 

10  Best,  C.  H.,  and  Macleod,  J.  J.  R.,  /.  Biol.  Chem.,  1923,  Iv,  p.  xxix. 
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Somogyi,  and  Sliaffor"  containod  14  per  cent  nitjoo;en  and  showed 
a  high  activity.  If  this  niatei-ial  which  separates  at  the  isoelectric 
point  is  all  insulin  it  is  un(l()ul)tedly  a  ])i(^tein. 

Three  Types  of  Insulin  Preparations. 

On  the  basis  of  our  present  knowledge  there  are  at  least  three 
distinct  types  of  insulin  preparations. 

/.  The  Protein  Type. — This  is  the  preparation  of  Doisy,  Somo- 
gj'i,  and  Shaffer. ^^  We  have  not  prepared  insulin  by  their  method, 
but  we  have  regulai'ly  obtained  a  protein  precipitate  from  our 
strong  final  aqueous  solution.  After  precipitating  the  insulin 
with  alcohol  the  extract  was  taken  up  in  water  and  passed  through 
a  Berkefeld  filter.  On  standing  in  the  refrigerator  a  fine  white 
"insulin"  ]30wder  separated  during  the  first  few  daj^s.  One  such 
precipitate,  after  being  washed  with  80  cc.  of  distilled  water  in 
two  portions,  was  suspended  in  10  cc.  of  distilled  water.  Of  this 
suspension  1  cc.  was  injected  into  a  2  kg.  fasted  rabbit.  The  blood 
sugar  before  injection  was  0.113  per  cent  and  0.02  per  cent  2  hours 
after  injection;  the  rabbit  was  found  in  convulsions  after  2  hours. 
This  precipitate  was  afterwards  dried  out  in  a  desiccator  over 
CaCl2  and  was  found  to  weigh  0.03  gni.  This  was  again  sus- 
pended in  10  cc.  of  distilled  water  after  a  month  in  the  desiccator. 
On  injecting  1  cc.  of  the  suspension  into  a  fasted  rabbit  convul- 
sions appeared  in  2  hours  and  the  blood  sugar  dropped  from  0.10 
to  0.03  per  cent.  When  the  supernatant  water,  from  which  this 
active  precipitate  had  been  separated,  was  injected  it  produced  no 
change  in  the  blood  sugar. 

If  insulin  is  adsorl^ed  in  this  extremely  fine  protein  powder  it 
must  be  held  with  great  avidity  not  to  be  removed  by  such  pro- 
longed action  of  so  much  water  during  the  centrifuging  of  the  fine 
precipitate. 

The  protein  type  of  insulin  differed  fi'om  the  two  succeeding 
types  in  being  insoluble  in  water  and  gave  the  blue-violet  biuret 
test. 

2.  The  Peptone-Polypeptide  Type. — This  preparation  differs 
from  the  preceding  in  being  easilj'  soluble  in  water  and  in  giving 
the  red  biuret  test. 

"  Doisy,  E.  A.,  Somogyi,  'SL,  and  Shaffer,  P.  A.,  /.  Biol.  Chem.,  1023, 
Iv,  p.  xxxi. 
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The  major  portion  of  our  insulin  preparation  does  not  separate 
as  a  solid.  Our  o^^n  insulin  preparations,  from  which  the  above 
protein  precipitate  no  longer  separated  after  standing  in  the 
refrigerator  for  weeks,  gave  a  violet-red  biuret  test,  in  which  it  was 
sometimes  quite  difficult  to  detect  any  violet  tint  at  all.  On  the 
other  hand,  all  Lilly  and  Co.  preparations  that  we  have  tested 
gave  an  umnistakably  violet  colored  biuret  test.  The  colors  were 
compared  with  the  biuret  test  obtained  with  peptone  (Chassaing, 
Paris),  which  gives  a  reddish  violet  tint  and  with  peptone  (Armour) 
which  gives  a  bluish  violet  tint.  Lilly  and  Co.'s  iletin  prepara- 
tions gave  colors  resembling  that  of  the  peptone   (Armour). 

From  the  above  tests  \ve  have  concluded  that  the  soluble  insulin 
preparations  that  we  have  seen  belong  to  this  peptone-polypeptide 
t^'pe. 

3.  The  Ahiuret  Type. — This  type  of  insulin  may  be  present  as 
one  of  the  components  in  the  preceding  type,  but  it  deserves 
separate  consideration  because  of  the  relative  simplicity  of  its 
constitution.  As  quoted  above.  Best  and  Macleod  obtained 
insulin  from  skate  and  from  beef  pancreas  (by  a  special  treatment) 
that  gives  neither  the  biuret  test  nor  the  qualitative  reactions  of 
protein.  We  have  not  investigated  this  type  of  insulin.  It  is 
obvious,  however,  that  the  synthesis  of  insulin  will  most  likely  be 
accomplished  first  with  this  tvpe. 

We  do  not  wish  to  conclude  too  much  from  these  tests,  but  there 
is  certainly  diversity  enough  in  the  behavior  of  the  above  prepara- 
tions in  the  biuret  test  and  in  the  solubility  in  water,  even  in  those 
observed  by  us,  to  pemiit  of  concluding  that  insulin  is  a  protein, 
a  peptone,  or  a  polypeptide,^-  depending  u])on  which  preparation 
was  tested. 

This  diversity  of  characteristics  and  properties  of  insulin  may 
seem  surprizing  at  fii'st,  but  is  readily  accounted  for  when  we  con- 
sider that  insulin  constitutes  the  "spoils"  obtained  by  a  certain 
process  of  "sifting"  the  "debris"  of  pancreas  tissue  broken  down 
mechanically  as  much  as  possible.  The  "size"  of  the  pieces  ob- 
tained will  depend  on  all  the  conditions  involved  in  the  material 
used  and  on  the  nature  of  the  "sieve"  or  process  of  preparation 
used. 

12  Robertson  (Robertson,  T.  B.,  The  physical  chemistry  of  the  proteins, 
New  York,  London,  Bombaj-,  Calcutta,  and  Madras,  1918,  14)  states  that 
many  polypeptides  including  tripeptides  give  typical  biuret  reactions. 
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Jf  it  is  granted  that  the  action  of  the  proteolytic  enzymes  on 
insulin  in  the  exjierinients  described  above  was  a  true  proteolytic 
hydrolysis,  involving  the  breaking  up  of  at  least  one  amino-acid 
coupling  and.  therefore,  presumably  containing  at  least  one 
amino-acid  in  its  molecule,  then  the  known  facts  will  admit  of  two 
simple  interpretations. 

1.  Insulin  is  a  simple  polypeptide  that  does  not  give  a  biuret 
reaction  nor  anj^  of  the  typical  protein  reactions.  It  is,  however, 
readily  adsorbed  bj^  more  complex  protein  derivatives  and  is 
brought  down  by  them  as  in  the  "solid  insulin"  of  Doisy,  Somogyi, 
and  Shaffer,  and  in  various  processes  of  precipitating  insulin. 

2.  Insulin  is  a  group  or  radical  present  in  certain  proteins  which  is 
easily  hydrolyzed  by  proteolytic  enzymes.  This  radical  may  occur 
in  protein  compounds  of  greater  or  less  complexity  and,  therefore, 
its  qualitative  reactions  will  range  all  the  way  from  a  negative 
biuret,  for  the  simplest  group  that  still  retains  the  characteristic 
properties  of  insulin,  to  those  of  a  typical  protein. 

The  second  of  the  above  interpretations  includes  the  first  in  a 
different  form.  The  first  interpretation  will  be  more  attractive  to 
those  interested  in  eventually  manufacturing  insulin  synthetically 
and  in  developing  clearer  views  of  the  mechanics  of  its  action,  in  as 
far  as  its  effects  can  be  ascribed  to  a  given  chemical  constitution. 
The  second  interpretation  conforms  better  with  most  of  the  things 
that  we  know  about  life  and  chemistry  and  is  more  likely  to  be 
correct  because  it  is  more  general  in  its  outlines.  For  instance,  it 
permits  us  to  consider  that  insulin  is  a  chemical  effect,  that 
probably  all  living  organisms  have  an  insulin  function,  that  the 
relative  ease  of  isolation  of  the  active  grouping  will  vary  from  one 
organism  to  the  other,  that  any  undesirable  secondary  clinical 
effects  may  be  controlled  by  preparations  from  other  sources,  that 
there  is  more  than  one  chemical  configuration  possessing  the  insulin 
effect,  and  other  interesting  propositions. 

If  insulin  is  considered  to  be  a  specific  chemical  substance,  the 
conclusion  that  it  may  be  a  polypeptide,  peptone,  or  protein, 
depending  upon  the  process  used  and  the  portion  of  the  product 
tested,  is  unsatisfactory.  If,  however,  the  insulin  effect  is  con- 
ceived of  as  associated  with  a  certain  group  or  grouping,  the  above 
interpretation  indicates  that  this  group  persists  in  an  effective 
form  in  several  stages  of  protein  breakdown.     If  this  is  true,  it 
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may  be  found,  when  the  facts  arc  known,  that  the  insuHn  effect 
will  parallel  the  lipase  effect,  which  is  found  under  suitable  condi- 
tions even  with  certain  amino-acids  as  well  as  polypeptides  and 
proteins,^^  but  is,  of  course,  best  developed  in  lipase  preparations. 
These  experiments  indicate  that  the  parallelism  cannot  go  down  so 
far  as  the  free  amino-acids  since  the  digestion  products  of  insulin 
were  found  to  have  no  insulin  activity. 

SUMMARY. 

The  fact  that  insulin  preparations  are  completely  inactivated  by 
proteotytic  enzymes  (trypsin,  papain,  pepsin)  indicates  that  the 
compounds  present  in  the  preparation,  that  give  the  qualitative 
reactions  for  proteins,  are  not  all  impurities,  and  that  insulin  itself 
is  protein-like  in  nature.  Attempts  to  break  down  this  conclusion 
by  other  interpretative  experiments  have  so  far  failed. 

In  discussing  the  available  information  upon  the  nature  of 
insulin  it  is  suggested  that  insulin  is  the  "effect"  of  a  certain  group 
or  grouping.  This  "effect"  appears  to  be  associated  with  a  pro- 
tein on  the  one  hand  and  peptones  and  polypetides  on  the  other. 

If  this  interpretation  of  the  known  facts  concerning  insulin  is 
correct,  it  does  away  with  the  contradictions  concerning  its  nature, 
existing  in  the  literature,  and  also  conforms  with  the  new  facts 
presented  in  this  paper, 

1^  Falk,  K.  G.,  The  chemistrj^  of  enzyme  action,  New  York,  1921,  84. 
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INTRODUCTION. 

The  standard  method  of  determining  hemoglobin  concentration 
in  blood  is  based  on  a  measurement  of  oxj'gen  capacit}'  and  Hiif- 
ner's  factor,  1.34  cc.  of  oxygen  per  gm.  of  hemoglobin.  Unfor- 
tunately, the  Van  Slyke  and  the  Haldane  machines  do  not  give 
the  same  results  for  the  oxygen  capacity.  The  difference  is  over 
10  per  cent  of  the  total,  and  there  is  no  agreement  as  to  which 
method  is  correct.  The  colorimetric  methods  are  based  on  the 
oxygen  capacity,  so  that  they  can  offer  no  help  as  to  the  absolute 
value. 

The  refractometer  appeared  to  ofTer  the  possibility  of  making  a 
determination  of  the  al)solute  quantity'  of  hemoglobin  by  an  inde- 
pendent method,  entirely  unconnected  with  the  oxygen  capacity, 
or  even  with  any  chemical  standards.  There  was  also  the  possi- 
bility that  a  rapid  and  convenient  method  might  be  worked  out 
for  determining  hemoglobin,  which  could  be  used  by  those  having 
refractometers  at  their  disposal. 

After  the  work  was  started  it  was  found  that  Howard  3  years 
ago^  had  investigated  the  refractive  constant  of  hemoglobin  and 
had  suggested  the  possibility  of  a  refractometric  method  for  blood. 
No  such  method  has  been  published,  however,  and  the  amount  of 
elapsed  time  since  that  suggestion  seemed  to  the  writers  to  justify 
a  new  attack  on  the  problem. 

The  principal  objects  in  the  present  work  were:  (1)  to  redeter- 
mine the  refractive  constant  "a"  of  hemoglobin;  (2)  to  test  the 
constancy  of  the  relation  a  X  c  ^  n  solution  —  n  water;  (3)  to 

I  Howard,  F.  H.,  /.  Biol.  Chem.,  1920,  xli,  537. 
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devise  a  method  for  the  determination  of  hemoglobin  in  blood 
which  should  first  of  all  be  accurate,  and  give  the  absolute  quantity 
of  hemoglobin  in  terms  of  dry  weight  of  the  substance;  (4)  to  com- 
pare the  concentration  of  hemoglobin  with  oxygen  capacity;  and  (5) 
to  devise  a  quicker  method  that  could  be  used  with  convenience. 

Note. — In  all  cases  in  this  paper  Avhere  figures  are  given  for  the  refractive 
index  of  a  solution  minus  the  refractive  index  of  water  at  the  same  tempera- 
ture, it  is  to  be  understood  that  the  last  integer  is  in  the  fifth  decimal 
place;  e.g.,  194  represents  0.00194. 

In  all  the  experiments  the  temperature  was  controlled  by  immersing  the 
usual  refractometer  bath  in  a  large  (370  liter)  water  bath.  The  tempera- 
ture did  not  vary  faster  than  0.1°C.  per  hour,  and  corrections  were  made  for 
temperature  when  necessary. 

A.  Determination  of  "a"  of  Hemoglobin. 

A  redetermination  of  this  value  was  deemed  advisable  for  the 
following  reasons:  (1)  Howard's  values  were  not  based  on  hmnan 
blood  with  the  exception  of  one  experiment  where  the  concentra- 
tion was  standardized  only  by  the  oxygen  capacity.  (2)  The 
weight  of  hemoglobin  thoroughly  dried  in  an  oven  at  110°C.  was 
considered  preferable  to  the  weight  of  crystalline  hemoglobin 
(used  by  Howard).  Not  that  it  is  theoretically  preferable,  but 
merely  that  until  the  ease  of  loss  of  water  of  crystallization  and  the 
possibility  of  more  than  one  degree  of  hydration  of  the  crystals  are 
carefully  investigated,  it  seems  probable  that  a  more  constant 
value  will  be  obtained  from  a  thoroughly  dried  preparation.  The 
waiters  do  not  believe  their  method  of  drying  is  unexceptionable. 
It  ought,  however,  to  give  minimal  values,  and  this  is  especially 
important  in  view  of  our  later  findings  with  relation  to  the  oxygen 
capacity. 

1.  Preparation  of  the  Hemoglobin. — The  hemoglobin  was  prepared 
from  human  blood  by  the  method  of  Adair.  This  essentially 
consists  in  laking  the  washed  red  cells  with  ether,  adding  salt  to 
separate  the  stromata,  and  dialyzing  the  hemoglobin  solution. 
All  operations  are  done  at  0°C. 

Bloods  from  two  normal  human  individuals  were  investigated. 
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Instead  of  measuring  the  hemoglobin  solution  taken  for  the  dry 
weight  volumetrically,  it  was  considered  more  accurate  to  get  the 
specific  gravity  of  the  blood,  and  then  weigh  the  sample  taken. 

2.  Determination  of  the  Concentrations  of  the  Solutions  in  terms  of 

Dry  Weight. 

Specimen  1. 

Density  (by  5  cc.  pycnomcter)  at  19.5°C. 

Weights (1)  5.1838  gm. 

(2)  5.1854   " 

Average 5. 1846   " 

Capacity  of  pycnometer 4 .  9916  cc. 

Density 1 .03386 

Hemoglobin    solution    for    dry    weight    (weighed  in 

crucible) 5 .  1942  gm. 

Hemoglobin  solution  for  dry  weight  in  cc,  calculated 

from  density 5 . 001  cc. 

Dry  weight  (dried  at  110°C.  for  3  days) 0.8173  gm. 

Concentration  of  original  solution 16.34  per  cent. 

The  ash  was  0.0044  gm.  The  ash  calculated  from  the  hemoglobin  was 
0.0040  gm. 

Specimen  2. 

Density  at  20.5°C. 

Weight 5,2353  gm. 

Capacity  of  pycnometer 4.9916  cc. 

Density 1 .0488 


1 

2 

Hemoglobin   solution    for    dry   weight 

(weighed  in  crucible) 

5.2282  gm. 

5.2044  gm. 

Hemoglobin   solution   for    dry   weight 

in  cc,  calculated  from  density 

4.9885  cc. 

4.9624  cc. 

Dry  weight  (dried  to  constant  weight) . 

0.9993  gm. 

0.9916  gm. 

Concentration  of  original  solution 

20.048  per  cent. 

19.988  per  cent. 

Ash  found 

0.0064  gm. 

0.0068  gm. 

"    calculated 

0.0050   " 

0.0050   " 

8.  Determination   of  the   "71"   of  the  Solution   and   of  the    Value 

of  "a." 

In  each  case  the  refractive  index  of  water  at  the  same  tempera- 
ture as  the  solution  is  subtracted  from  the  refractive  index  of  the 


440 


Hefractoiiictnc  Determination  of  Hb 


solution.  The  pii^cttes  wcro  calibrated,  and  the  factors  omitted 
in  the  statement  of  the  dilutions,  but,  of  course,  used  in  the 
calculations. 

Sperivien  L 


Dilutions. 

n  Solution  —  71  water 
Dilution 

Remarks. 

1:25 
2:25 
1:2 

3,1S4 
3, 185 
3,162 

The  m;ixiiniim  variatiun  in  the  values  is  3,185  — 
3.162  =  23.     This  is  equivalent  to  23^194.4  = 
0. 12  per  cent  Hb. 

Average . 

3,177 

n  Solution  —  n  water  _  3,177 
Concentration  16.34 

Specimen  2. 


194.4 


Dilutions. 

n  Solution  —  n  water 
Dilution 

1:4 

1:8 

1:16 

1:25 

3, 883 
3,908 
3,904 
3,851 

Average 

3,886.5 

Concentration 


n  Solution  —  w  water        (1)  3886.5 

20.048 

(2)  3886.5 

19.988 


=  193.85 


=  194.45 


Average 194 .  15 

The  average  of  the  three  values  of  the  factor  is  194.2.  Using 
the  weighted  average  method  of  Robertson,-  i.e.  dividing  the  sum 
of  the  original  refractive  indices  by  the  sum  of  the  dilutions,  the 
second  specimen  gives  the  average  of  194.17.  The  maximum 
variation  in  the  factor  calculated  in  the  various  instances  is  194.45- 
193.85  =  0.6  or  0.3  per  cent  of  the  original  factor.  Applying 
the  factor  to  hemoglobin  concentration  in  blood  would  give  an 
uncertainty  due  to  the  factor  of  0.3  per  cent  of  the  total  hemoglo- 
bin, or  if  the  hemoglobin  is  15  per  cent,  of  0.045  per  cent  of  hemoglo- 
bin.    This  is  certainh^  accurate  enough  for  all  practical  purposes. 

2  Robertson,  T.  B.,  J.  Biol.  Chem.,  1912,  xi,  179. 
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The  maximum  variation  in  the  factors  from  our  average  factor  is 
194.2-193.85  =  0..35  or  0.2  per  cent  of  the  total.  This  would 
represent,  apphed  to  blood,  an  uncertainty  of  0.030  per  cent  of 
hemoglobin. 

The  difference  from  Howard's  factor  of  183  we  think  is  to  be 
explained  ])v  the  fact  that  his  preparation  contained  water  of  crvs- 

194.2-183 
tallization.     If  so,  there  would  Ije  — ,„  .  ^ —  =  5.7  per  cent  of 
'  194.2  '■ 

water  of  crystallization.  Gamgee  (quoted  in  Schafer's  Text- 
book of  physiology)  found  the  hemoglobins  of  various  animals 
to  contain  from  4  to  8  per  cent  of  water.  The  crystals  were  dried 
in  vacuo  at  low  temperature,  and  then  at  110°C. 

B.  Determinntion  of  the  Constancy  of  the  Relation  a  X  c  =  n  Solution 

—  n  Water. 

The  best  way  to  determine  whether  this  relation  is  valid  is  to 
calculate  the  value  for  the  more  dilute  solutions  from  the  value  for 
the  more  concentrated,  and  note  whether  the  observed  value  for 
the  diluted  solutions  differs  from  the  calculated  value  by  more  than 
the  errors  of  observation. 


Proportionality 

of  the  Refractive  Index  of  Hemoglob 

in. 

Specimen  Xo. 

Dilu- 
tion. 

Concentration  from  which 
calculated. 

Calcu- 
lated. 

Found. 

Differ- 
ence. 

1 

2:25 

1:2 

256.7 

258.6 

i:9 

1 

1:25 

1:2 

128.4 

129.0 

0.6 

1  (new  dilution). 

1:2 

Original  solution,  a  dilution 
of  1,  having  an  index  of  62. 

31.0 

29.4 

1.6 

1  (    "            "        ) 

1:4 

u                 a                 a 

15.5 

15.3 

0.2 

1  (    "            "        ) 

1:8 

a                 u                 u 

7.8 

7.7 

0.1 

2 

1:8 

1:4 

485.7 

487.7 

2.0 

2 

1:16 

1:4 

242.8 

244.0 

1.2 

2 

1:16 

1:8 

243.9 

244.0 

0.1 

2 

1:25 

1:8 

155.0 

156.0 

1.0 

The  error  of  observation  might  be  as  high  as  3.  All  deviations 
are  within  this  value.  There  is  therefore  proportionality  in  the 
range  covered,  which  is  that  from  an  8.17  per  cent  solution  to  a 
0.04  per  cent  solution.     More   concentrated  solutions  than  8.17 
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per  cent  are  too  difficult  to  read.  This  conclusion  is  in  complete 
accord  with  the  observations  of  Howard  on  hemoglobin  and  of 
Robertson  on  various  other  protein  solutions. 

C.  A  Refractometric  Method  for  Hemoglobin  in  Blood. 

1.  The  Method— The  method  in  Ijrief  is:  (1)  Wash  the  red 
cells  from  a  measured  quantity  of  blood.  (2)  Hcmolyze  with  dis- 
tilled water  and  saponin,  add  salt  to  throw  down  the  stromata, 
and  make  up  to  volume.  Centrifuge.  (3)  Obtain  the  refractive 
index  of  the  solution.  (4)  Obtain  the  refractive  index  of  the  fil- 
trate obtained  by  the  heat  coagulation  of  the  hemoglobin.  (5) 
Subtract  (4)  from  (3)  and  divide  by  "a"  for  hemoglobin. 

Thus  the  method  is  essentially  a  separation  of  the  refractive 
index  of  hemoglobin  from  the  refractive  indices  of  the  other  blood 
constituents.  After  the  proof  which  follows  of  the  admissability 
of  the  various  procedmTs,  will  be  given  a  detailed  statement  of 
the  steps  in  the  method. 

£.  Separation  from  Plasma. — The  amount  of  necessary  washing 
with  0.8  per  cent  NaCl  was  determined  repeatedly  by  getting  the 
refractive  index  of  the  wash  water  and  comparing  it  with  that  of 
the  NaCl.  The  washings  were  done  on  2  cc.  of  blood  in  a  16  to 
20  cc.  centrifuge  tube.  To  the  blood  was  added  0.8  per  cent  NaCl 
up  to  15  cc.  The  mixtm'e  was  centrifuged  5  minutes  at  low  speed 
and  the  diluted  plasma  pipetted  off.  NaCl  solution  was  then 
added  as  before,  the  tube  inverted  with  a  rubber  stopper  in,  and 
thoroughly  shaken,  then  again  centrifuged.  Invariably  the  third 
wash  water  (counting  the  original  dilution  of  the  blood  as  the  first) 
was  not  appreciably  different  from  the  NaCl  solution.  That  this 
is  reasonable  is  evident  from  the  following  calculation.  If  1.2  cc. 
of  plasma  are  present  in  the  blood,  the  first  dilution  gives  a  plasma 
concentration  of  approximately  1.2  -^  13.8  =  0.087.  The  next 
wash  gives,  if  0.2  cc.  diluted  plasma  is  left  with  the  red  cells, 
0.087  -^  71  =  0.0012,  and  the  third,  0.0012  -^  71  =  0.0000172. 
If  the  refractive  index  of  the  plasma  —  that  of  water  were  1,650, 
then  that  due  to  the  traces  of  plasma  in  the  third  dilution  would 
be  1,650  X  0.0000172  =  0.028.  A  difference  of  2.0  is  all  that  can 
be  read  with  any  certainty.  Of  course  there  are  traces  of  plasma 
protein  that  would  give  protein  tests  such  as  the  nitric  acid  test. 
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but  they  have  no  significance  in  this  connection.  In  the  method 
the  cells  after  washing  are  made  up  to  10  cc.  This  final  dilution 
would  then  correspond  to  the  third  washing  above,  and  only  two 
washings  are  necessary. 

3.  Methods  of  Hemolysis. — Hemolysis  with  distilled  water 
alone  was  found  to  be  incomplete  under  the  conditions  of  this 
method.  That  is,  using  2  cc.  of  blood,  the  washed  red  cells  have 
about  7  cc.  of  distilled  water  added,  then  1  cc.  of  10  per  cent  NaCl, 
and  then,  after  making  up  to  10  cc,  are  centrifuged  out.  The 
stromata  appeared  deep  red,  and  careful  determinations  of  the 
hemoglobin  concentration  in  the  stromata  by  repeated  extractions, 
showed  that  it  was  about  twice  as  great  in  the  stromata  as  in  the 
fluid  surrounding  them. 

With  saponin  hemolysis  there  is  hemoglobin  in  the  solution  left 
between  the  centrifugalized  stromata,  and  also  hemoglobin  in 
solution  in  the  stromata.  Therefore,  the  solution  cannot  be 
pipetted  from  the  stromata  and  made  up  to  volume.  If,  on  the 
other  hand,  the  stromata  are  left  in  while  the  solution  is  made  up 
to  volmne,  the  question  is  important  whether  the  concentration 
of  hemoglobin  in  the  stromata  is  the  same  as  that  in  the  solution 
surrounding  them.  To  settle  this  point  a  considerable  number  of 
duplicate  determinations  were  made  on  2  cc.  samples  of  blood. 
In  one  case  to  the  washed  red  cells  were  added  about  7  cc.  of  dis- 
tilled water  and  about  1  mg.  of  saponin.  Then,  after  thorough 
mixing,  the  solution  was  made  up  to  10  cc.  with  distilled  water  and 
1  cc.  of  10  per  cent  NaCl.  The  solution  was  centrifuged  and  the 
refractive  index  read.  The  hemoglobin  was  then  determined  from 
the  heat  filtrate  according  to  the  method  described  later. 

In  the  other  case,  the  washed  red  cells  were  hemolyzed  as  in 
the  first  example,  and  then  1  cc.  of  10  per  cent  NaCl  was  added 
and  the  solution  centrifuged.  The  solution  was  then  pipetted  off 
and  the  stromata  repeatedly  hemolyzed  and  precipitated  in  the 
same  manner  until  they  were  perfectly  white  and  the  extract  was 
colorless.  The  hemoglobin  was  then  determined  in  the  combined 
extracts.  In  the  com'se  of  the  extractions,  especially  after  the 
first  two  or  three,  the  stromata  tended  to  dissolve.  In  order  to  be 
sure  that  they  were  not  adding  to  the  refractive  index  of  the  solu- 
tion, the  hemoglobin  in  these  later  extracts  was  also  determined 
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colorimetrically,  iisins  as  a  standard  one  of  the  first  extracts 
which  had  no  dissolved  stroniata.  Since  the  stromata  are  color- 
less, any  increase  in  the  refractive  index  should  throw  the  deter- 
mination of  hemojo'loliin  by  this  method  out  of  harmony  with 
that  determined  colorimetrically.  No  difference,  not  within  the 
errors  of  reading  the  colorimeter,  was  found.  If  any  thing,  the  color- 
imetric  figures  wcn-e  higher,  probal)ly  on  account  of  the  turbidity 
of  the  solution.  In  fact,  the  difficulties  in  the  colorimetric  work 
from  this  cause  made  very  exact  determinations  impossible.  All 
that  could  be  concluded  was  that  either  the  stromata  added  very 
little  to  the  refractive  index,  or  else  that  they  went  through  into  the 
heat  filtrate  and  were  deducted. 

Concentralion  of  Hemoglobin  in  Stroniota  Laked  with  Distilled  Water  and 

Saponin.* 


Specimen 
No. 

A 

Leaving 
stroniata  in 
the  solution. 

B 

Total 

hemoglobin, 

e>:tracting 

stromata. 

Remarks.               > 

1 

2 
3 

4 
5 

2,873 
2,849 
2,798 
3, 130 
2,816 

2,  852 
2,866 
2,812 

3,  123 
2,  836 

Slight  loss  in  pipetting  A. 

Here  much  saponin  was  used  in  A. 

Average . 

2,  893 

2,898 

*  Concentration  is  given  in  terms  of  refractive  index  excess  over  that  of 
water  at  the  same  temperature. 


It  is  evident  that  there  is  no  constant  or  significant  difference 
between  the  two  methods.  The  divergencies  are  probably  due  to 
the  numerous  manipulations  in  the  repeated  extractions.  It 
appears,  therefore,  safe  to  rely  upon  the  concentration  of  hemo- 
globin within  the  stromata  being  essentially  the  same  as  in  the 
surrounding  fluid  when  the  red  cells  are  hemolyzed  with  distilled 
water  and  saponin  under  the  conditions  of  these  experiments. 

4-  Possible  Effects  of  Saponin  on  the  Refractive  Index. — In  this 
method  about  1  mg.  of  saponin  is  used  to  10  cc.  of  solution.  A 
solution  of  70  mg.  of  saponin  in  100  cc.  of  salt  solution  increases 
the  rofi'active  index  10. .5.    1  mg.  in  10  cc.  therefore  would  increase 
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10 
it  only  10.5  X  _^  ==   1.5.     This  is  within  the  error  of  readiii";  the 
iO 

refractonieter,  and  would  correspond  to  an  amount  of  hemoglobin 

1.5X5 
in  the  original  blood  of  ~rz~rz'  =  0.038  per  cent.     (The  "5"  in  the 

194.2 

numerator  allows  for  the  dilution  of  the  2  cc.  of  blood  to  the  10  cc. 

of  final  solution.)     Further,  tests  of  the  filtrates  (obtained  by  heat 

coagulation  of  the  hemoglobin  as  described  later)  showed  that 

even  when  less  than  1  mg.  of  saponin  was  used,  the  filtrate  was 

hemolytic,  and  that  the  hemolytic  power  increased  with  the  amount 

of  -saponin  in  the  original  solution.     There  seems  no  doubt,  then, 

that  the  saponin  goes  through  into  the  filtrate  as  do  the  other 

soluble   non-coagulable   constituents,   and   is   allowed   for   when 

the  heat  filtrate  is  subtracted.     Variations  in  the  amount   of 

saponin  therefore  do  not  introduce  a  source  of  error  so  far  as  the 

effect  of  the  refractive  index  of  saponin  is  concerned. 

.5.  Possible  Effects  of  Solution  of  the  Stromata. — When  about  1 
mg.  of  saponin  is  used  there  is  usually  httle  or  no  solution  of  the 
stromata.  Occasionally  the  stromata  dissolve  somewhat,  how- 
ever, without  any  apparent  reason.  With  large  amounts  of  sa- 
ponin they  dissolve  completely.  It  appeared  logical  that  if  the 
irregular  slight  solution  made  much  difference  duplicate  deter- 
minations would  not  check.  Very  careful  experiments  showed  a 
maximum  variation  in  duplicates  of  0.15  per  cent  that  apparently 
could  be  accounted  for  in  no  other  wa3^  The  higher  values  always 
occurred  when  the  stromata  were  complete^  dissolved.  Attempts 
to  prepare  stromata  free  from  hemoglobin  and  salts  were  unsuccess- 
ful. Although  the  error  due  to  this  factor  is  small,  because  only 
small  amounts  of  saponin  are  used,  it  was  nevertheless  considered 
advisable  to  investigate  the  refractive  index  of  the  stromata, 
especially  as  it  is  an  element  in  the  explanation  of  the  short  method 
for  hemoglobin  described  later. 

The  method  adopted  for  the  solution  of  this  prol^lem  was  to  add 
to  a  series  of  2  cc.  samples  of  blood  increasing  amounts  of  saponin, 
and  estimate  the  concentration  of  hemoglobin.  The '  following 
tabulation  gives  the  results. 
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Effect  of  Increased  A7nounts  of  Saponin  with  Solution  of  the  Stromata. 
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mg. 

W 

mj. 

per  cent 

my. 

per  cent 

■per  cent 

per  cent 

1 

Little  (1  mg.). 

15.74* 

Much  (lOmg.). 

15.93t 

2 

0.6 

15.80t 

3.2 

15.46§ 

8.0 

16.06t 

22.8 

15.95t 

3 

2.0 

15.45§ 

5.4 

15.641 

25.9 

16.24t 

4 

1.0 

12.72§ 

1.0 

12.88t 

4.8 

13.04t 

5 

1.3 
0.9. 

12.43t 
12.41t 

2.6 

12.30§ 

15.4 

12.67t 

26.0 

12.73t 

6 

1.6 
1.0 

10.31* 
10.31* 

2.8 

10.23§ 

16.8 

10.65t 

25.4 

10.73t 

*  Slight  solution  of  the  stromata. 
t  Complete  solution  of  the  stromata. 
%  Partial  solution  of  the  stromata. 
§  No  solution. 

It  will  be  noted  that  the  percentage  of  hemoglobin  varies  with 
the  degree  of  solution  of  the  stromata  rather  than  with  the  amount 
of  saponin.  Thus  in  Specimen  2  there  was  0.34  per  cent  less  hemo- 
globin in  the  case  where  3.2  mg.  of  saponin  were  used  than  where 
0.6  mg.  was  used.  In  Specimens  5  and  6  there  were  respectively 
0.12  and  0.08  per  cent  less  hemoglobin  when  about  2.5  mg.  of 
saponin  were  used  than  when  about  1  mg.  was  used.  These  last 
two  experiments  were  done  with  the  very  greatest  care,  and  it  is 
believed  represent  the  maximum  errors  due  to  the  variation  in 
solution  of  the  stromata  when  amounts  of  saponin  up  to  3  mg.  are 
used  because  the  visible  variation  in  stroma  residue  was  as  great  as 
in  an}^  of  the  other  similar  experiments.  When  about  15  mg. 
of  saponin  are  used  the  solution  of  the  stromata  becomes  complete, 
or  practically  so.  The  apparent  increase  in  hemoglobin  due  to 
this  solution  of  the  stromata,  obtained  by  subtracting  the  figure  in 
each  series  where  there  was  none  or  slight  solution  of  the  stromata 
from  the  figm*e  where  there  was  the  most  complete  solution  gives : 
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Specimen  No. 

Increase 
in  hemoglobin. 

1 

2 
3 
4 
5 
6 

jier  cent 

0.19 

0.6 

0.79 

0.16 

0.43 

0.50 

Average 

0  45 

"           of  Specimens  5  and  6 

0.46 

The  refractive  index  of  the  stromata  in  a  given  amount  of  blood 
is  equal  to  the  refractive  index  of  0.45  per  cent  of  hemoglobin. 
The  error  due  to  variations  in  solution  of  the  stromata  when  not 
over  3  mg.  of  saponin  are  used  is  not  over  0.15  per  cent  of 
hemoglobin. 

6.  Possible  Effects  of  Dissolved  Leucocytes. — The  leucocytes 
apparently  do  not  dissolve  appreciably.  Even  if  they  did,  and 
added  to  the  refractive  index  as  do  the  stromata,  their  effect  would 

10,000 
be  of  the  order  of  magnitude  of  Trzzz~rzz  X  9  X  0.45  =  0.0081  per 

5,000,010 

cent  in  terms  of  hemoglobin  concentration,  which  is  negligible. 

7.  Separation  of  Hemoglobin  from  Non-Protein  Constituents  by 
Heat  Coagulation. — At  this  point  in  the  method  the  hemoglobin 
has  been  separated  effectively  as  far  as  refractometer  readings  are 
concerned  from  the  plasma  proteins  and  the  red  cell  proteins. 
There  remains  the  separation  from  the  non-protein  constituents  of 
the  red  cells,  and  fi  :!Tn  the  NaCl  added.  These  might  be  removed 
by  dialysis,  but  the  ^  rocess  is  slow,  and  hemoglobin  is  apt  to  be 
lost  by  deposition  on  the  membrane.  Ultrafiltration  was  selected 
as  the  test  method,  and  heat  coagulation  of  the  hemoglobin  tried 
as  a  possible  easy  method,  to  be  checked  by  ultrafiltration. 

Numerous  experiments  on  pure  hemoglobin  solutions  showed 
that  the  hemoglobin  would  coagulate  at  100°C.  in  1  to  2  minutes, 
giving  a  clear  filtrate,  provided  a  certain  amount  of  salt  were  present 
and  the  pH  of  the  solution  were  close  to  the  isoelectric  point  of  6.8. 
These  conditions  are  fulfilled  when  washed  red  cells  are  hemolyzed 
with  distilled  water.  The  principle  constituent  here  is  hemoglobin, 
and  the  other  constituents  have  comparatively  little  effect  on  the 
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pH.  It  is  natural,  therefore,  that  the  pH  of  the  solution  should 
be  approximately  that  of  the  isoelectric  point  of  hemoglobin. 
Salts  are  present  in  sufficient  amount,  for  1  cc.  of  10  per  cent  NaCl 
is  added  in  the  method.  Invariably  in  nmnerous  experiments 
coagulation  of  the  hemolj^'zed  red  cell  solution  has  occurred  in  3 
minutes  immersion  of  the  test-tube  containing  the  hemogloljin 
solution  in  boihng  water,  and  the  filtrate  has  been  clear  and  prac- 
tically colorless.  There  are  probabl}^  changes  in  the  water  or  salt 
relations  of  the  hemoglobin  during  the  process  of  coagulation,  but 
they  are  too  slight  to  affect  the  refractometer,  as  the  following 
parallel  experiments  on  the  heat  filtrates  and  ultrafiltrates  show. 

Comparison  of  Ultrafiltrates  with  Heat  Filtrates. 


Specimen 
No. 

n  Heat 
filtrate  — 
n  water. 

n  Ultra- 
filtrate  - 
n  water. 

Solution. 

1 

218.0 

216.7 

Hemolyzed  red  blood  cells  from  1  cc.  blood 
made  up  to  25  cc.  with  NaCI  solution. 

2 

4.0 

4.5 

Same  as  No.  1  but  no  NaCI. 

3 

4.0 

6.0 

a        a      ti       1        (<      ((           (( 

4 

98.0 

95.0 

"       '■'    "      1      "    with  less  XaCl. 

5 

202.0 

200.8 

"       "     "      1      "      "      i  volume  KH2PO4 
and  less  NaCI. 

The  two  methods  do  not  differ  by  more  than  the  error  of  read- 
ing the  refractometer  (2-3),  although  the  filtrates  represent  widely 
varjdng  salt  content. 

The  only  remaining  question  in  this  connection  is  whether  the 
heat  filtrate  represents  the  salt  concentration  in  the  original  solu- 
tion. It  may  be  stated  that  it  does  not  exactly,  of  course,  but 
experiments  on  pure  hemoglobin  solutions  show  that  under  the 
conditions  of  this  method  the  correction  would  not  amount  to 
over  1/15  to  1/20  per  cent  hemoglobin  in  the  final  result.  The 
authors  do  not  care  to  present  their  results  here  as  they  are  of 
more  significance  in  other  directions  and  will  be  published  else- 
where. 

Detailed  Directions  for  the  Method. 

1.  Measure  2  cc.  of  blood  into  a  17  cc.  centrifuge  tube,  add  0.8  per  cent 
NaCI  up  to  about  15  cc,  invert  twice  with  rubber  stopper  in,  rinse  stopper 
into  tube,  centrifuge  at  moderate  speed  5  minutes. 
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2.  Pipette  off  the  diluted  plasma,  replace  with  0.8  per  cent  XaCl,  shake 
vigorously  with  rubber  stopper,  rinse,  and  centrifuge  as  before. 

3.  Pipette  off  the  supernatant  fluid,  add  about  1  mg.  of  saponin,  then 
distilled  water  up  to  7  cc,  mix  thoroughly  with  a  fine  glass  rod.  Pipette 
into  a  10  cc.  volumetric  flask,  rinse  the  rod,  pipette,  and  tube  with  1  cc.  of 
10  per  cent  NaCI,  and  successive  small  portions  of  distilled  water  until  the 
flask  is  full  to  the  mark.     Mix  thoroughly.     Centrifuge. 

4.  Obtain  the  refractive  index  of  the  solution. 

5.  Put  the  hemolyzed  blood  into  a  test-tube  loosely  stoppered  with  a 
rubber  stopper,  and  place  in  boiling  water  for  about  3  minutes.  Cool, 
invert  twice,  filter  through  a  small  filter  paper. 

6.  Obtain  the  refractive  index  of  the  filtrate. 

7.  Subtract  (6)  from  (4),  multiply  by  (5),  and  divide  by  194.2.  This  gives 
the  concentration  of  hemoglobin  in  terms  of  dry  weight  in  gm.  per  100  cc. 
of  blood. 

The  temperature  at  which  the  solution  and  the  filtrate  are  read  should  be 
the  same  within  0.15°C.  or  else  correction  must  be  made  for  the  difference 
in  temperature. 

In  some  cases  the  blood  may  give  after  a  time  in  contact  with 
the  prism  a  fuzzy  line.  This  is  apparently  due  to  a  deposition  of 
material  on  the  face  of  the  prism,  and  all  that  is  necessary  is  to 
take  the  prism  out  quickty,  wipe  the  face  with  moist  lens  paper 
and  then  with  dry,  and  replace  it. 

The  dipping  refractometer  is  the  best  for  this  work  as  it  is  more 
accm'ate. 

Accuracy  of  the  Method. — When  the  immersion  refractometer  is 
used  the  results  should  check  within  0.1  to  0.2  per  cent  of  hemo- 
globin, and  the  writers  believe  that  the  absolute  amount  is  not  in 
error  b}^  an  appreciably  greater  amount. 

The  greatest  sources  of  error  are:  (1)  Volumetric  technique; 
(2)  temperature  control;  and  (3)  adjustment  of  the  compensating 
prism.  In  hemoglobin  solutions  the  border-line  appears  to  move 
with  adjustment  of  the  prism,  instead  of  merely  showing  colors 
as  happens  in  colorless  solutions.  Sharpness  of  the  line  is  the 
criterion  here.  No  reading  should  be  made  unless  the  line  is 
perfectly  clear  and  sharp.  In  case  adjustment  is  difficult  wipe  the 
prism  as  described  above. 
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D.  Relation  of  Hemoglobin  Concentration  to  Oxygen  Capacity. 


Specimen  No. 

Ovygen 

capacity  by 

Van  Slykc 

method. 

Average. 

Hemoglobin 
by  refrac- 
tometer. 

Average. 

Ratio. 

cc.  Oi  per 
100  cc.  blood 

om.  Hb  per 
100  cc.  blood 

1 

18.7 

14.79 

1.264 

2 

18.2 

14.67 

1.25 

3 

18.2 

14.41 

1.26 

4 

18.2 

14.50 

1.255 

5 

fl9.95 
t20.14 

20.04 

fl5.53 

•    \l5.58 

15.55 

1.29 

6 

J19.2I 
\19.21 

19.21 

fl5.76 

\15.74 

15.75 

1.22 

Our  method  of  drying  would  tend  to  give,  if  am'thing,  low  values 
for  the  hemoglobin.  This  would  tend  to  make  a  high  factor  "a" 
and  this  in  turn  would  tend  to  give  a  high  ratio  between  hemoglobin 
and  oxj^gen  capacit^^  The  ratio  as  determined  by  our  method 
definitely  supports  the  Van  Slyke  as  opposed  to  the  Haldane 
method  for  determining  oxygen  capacity. 

E.  A    Short    Method   for    the     Refractometric    Determination    of 

Hemoglobin. 

The  principle  of  this  method  is  to  measure  two  equal  samples 
of  blood.  To  one  is  added  a  certain  number  of  volumes  of  salt 
solution  (0.8  per  cent  NaCl)  and  to  the  other  is  added  the  same 
number  of  volumes  of  salt  solution  containing  a  sufficient  concen- 
tration of  saponin  to  hemolyze  the  red  cells.  Subtracting  the 
refractive  indices  and  allowing  for  the  refractive  index  of  the 
saponin  should  give  approximately  at  least  the  hemoglobin  con- 
centration in  the  diluted  blood.  The  points  of  doubt  were  the 
liberation  of  other  constituents  than  hemoglobin  from  the  red 
cells,  and  other  minor  points.  It  seemed  probable  that  these 
corrections  would  be  insignificant.  The  method  is  checked  for 
absolute  amounts  with  the  former  method. 

The  method  in  detail  is: 

1.  Measure  two  1  cc.  samples  of  blood  into  tAvo  medium  size  test-tubes. 

2.  To  one  sample  add  5  cc.  of  0.8  per  cent  NaCl. 

3.  To  the  other  sample  add  5  cc.  of  0.8  per  cent  NaCl  containing  about 
70  mg.  of  saponin  per  100  cc* 
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4.  Centrifuge  (2)  and  (3)  and  read  the  clear  solutions  in  the  refrac- 
tometer.     Read  also  the  two  salt  solutions. 

Calculations. — Subtract  the  refractive  indices  of  the  two  salt  solutions. 

This  gives  the  added  refraction  due  to  the  saponin.     Multiply  by  —  to  get 

5.6 

the  dilution  of  the  saponin  refraction  by  the  added  0.6  cc.  (approximately) 
of  plasma.  Subtract  this  saponin  correction  from  (3)  and  then  subtract  (2) 
from  the  result.  -This  gives  the  increase  in  refraction  due  to  the  hemoglo- 
bin. Divide  by  the  hemoglobin  factor,  or  194.2,  and  multiply  by  6  (the 
dilution)  to  get  the  concentration  of  hemoglobin  in  the  original  blood. 
Of  course,  the  refractive  index  of  the  salt  and  the  saponin  solutions  need 
not  be  determined  for  every  hemoglobin  determination.  The  saponin 
tends  to  precipitate  somewhat  with  age,  so  that  it  is  advisable  to  check  it 
up  from  time  to  time. 

Attention  needs  to  be  directed  to  keeping  the  face  of  the  prism 
clean  as  described  in  the  other  method,  as  there  is  a  greater  tend- 
ency here  for  the  line  to  become  blm'red.  The  prism  should  be 
left  in  the  solution  about  3  minutes  to  allow  it  to  attain  the  tem- 
peratm'e  of  the  solution,  then  quickly  cleaned  if  necessary,  which 
will  not  alter  the  temperature  of  the  whole  prism,  then  read  in  half 
a  minute. 

The  blood  should  be  taken  with  paraffin  oil  to  avoid  hemolysis, 
but  great  care  should  be  taken  not  to  get  the  oil  mixed  with  the 
blood  in  the  operation  of  shaking  previous  to  measm;ing  the  sam- 
ples. The  best  way  to  mix  is  to  put  the  blood  in  a  test-tube,  let 
the  oil  rise  to  the  top,  pipette  it  off,  then  mix  by  introducing  a 
large  bored  pipette  so  that  the  tip  is  near  the  ))ottom  of  the  test- 
tube  and  draw  the  blood  up  and  clown  rapidly. 

It  is  possible  that  some  samples  of  saponin  may  require  more 
than  70  mg.  per  100  cc.  to  effect  hemotysis. 

In  the  following  tabulation  are  given  the  results  obtained  by  the 
two  methods: 
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Coviparisan  of  (he  Long  and  the  Short  ]\[ethods. 


c 
Z 

c 
a 

e 
■5 

^■6 

'■2  " 

t 

per  cent 

15.76 
15.74 

15.74 
15.80 

15.45 
12.30 
10.23 

0  E 

11 

go 

c  ec 

5^ 

liemarks. 

1 

2 

3 

4 
5 

per  cent 

15.79 
15.63 

15.95 

15.88 

15.39 
15.30 

12.56 
12.49 

10.45 
10.49 

per  cen^ 

0.04 
0.14 
0.10 
0.26 
0.24 

Saponin  concentration  in  short  method,  214  ing. 

per  100  cc. 
Saponin  concentration  in  short  method,  60  mg. 

per  100  cc. 

Saponin  concentration  in  short  method,  70  mg. 

per  100  cc. 
Saponin  concentration  in  sliort  method,  480  mg. 

per -100  cc. 

Saponin  concentration  in  short  method,  70  mg. 

per  100  cc. 
Saponin  concentration  in  short  method,  480  mg. 

per  100  cc. 

Saponin  concentration  in  short  method,  70  mg. 

per  100  cc. 
Saponin  concentration  in  short  method,  480  mg. 

per  100  cc. 

Saponin  concentration  in  short  method,  70  mg. 

per  100  cc. 
Saponin  concentration  in  short  method,  480  mg. 

per  100  cc. 

Average  of 
ferennes . 

dif- 

0.12 

In  order  to  get  the  greatest  accuracy,  the  figure  for  the  old  method  in 
each  case  represents  an  experiment  where  there  was  no  solution  of  the 
stromata.  Duplicates  of  3,  4,  and  5,  may  be  found  opposite  3,  5,  and  6, 
respectiveh',  in  the  table  in  Section  5  of  Part  C. 

The  close  checking  of  the  diiphcates  in  the  short  method  in  spite 
of  the  widely  varying  amounts  of  saponin  is  noteworthy. 

The  short  method  evidently  gives  slightly  higher  results  than 
the  long  method,  the  average  being  0.12  per  cent.  The  average 
of  the  last  two  experiments  is  believed  to  represent  a  more  exact 
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figure,  since  they  were  done  last,  with  the  greatest  care.  This 
means  a  difference  of  0.25  per  cent  of  hemoglobin.  It  is  an  inter- 
esting question  whj^  the  short  method  does  not  give  higher  values 
on  account  of  the  complete  solution  of  the  stromata  which  takes 
place.  It  was  found  (Section  5  of  Part  C)  that  the  stromata 
added  to  the  refractive  index  an  amount  equivalent  to  0.45  per 
cent  in  terms  of  hemoglobin  concentration.  The  unaccounted 
for  difference  is  0.45  —  0.25  =  0.20  per  cent.  As  a  possible  explana- 
tion is  advanced  the  theory  that  when  the  red  cells  dissolve  there" 
is  no  longer  the  inequality  in  the  distribution  of  inorganic  constit- 
uents between  cells  and  plasma  that  there  was  before.  The 
refractive  index  of  the  inorganic  constituents  of  red  cells  and  plasma 
was  calculated  from  Schmidt's  tables,  and  found  to  be  (in  terms 
of  excess  refraction  over  that  of  water   at  the  same  temperature) : 

Plasma 107.2 

Red  cells 73.30 

Difference 23.9 

The  uncertainty  of  the  analyses  makes  an  estimation  of  the 
differences  in  non-protein  organic  constituents  unsatisfactory. 
This  difference  in  terms  of  hemoglobin  percentage  would  be 

23.9 

— rr-    =  0.12  per  cent  and  would  tend  to  make  the  hemoglobin 

194.2 

estimated  by  the  short  method  low  by  that  amount.     There 

remains  then  only  0.2  —  0.12  =  0.08  per  cent  to  be  accounted  for, 

and  this  may  easily  be  the  experimental  error. 

In  conclusion  it  may  be  stated  that  the  close  checks   in    the 

methods  tabulated  above  are  attainable  only  by  the  greatest  care 

in  all  operations. 

CONCLUSIONS. 

The  short  method  gives  even  closer  checks  than  the  long  method. 
The  results  by  it  are  0.25  per  cent  of  hemoglobin  too  high.  It  is 
advised  that  it  be  used  with  this  correction,  in  preference  to  the 
long  method,  because  there  is  no  variation  in  the  degree  of  solution 
of  the  stromata. 
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The  refractive  constant  "a"  for  human  hemoglobin,  deterniincd 
on  pm'e  hemoglobin  solutions,  the  concentration  of  which  was 
obtained  by  getting  the  drj^  weight  at  110°C.,  was  found  to  be 
194.2.  This  compares  with  183  found  by  Howard  on  crystal- 
line horse  hemoglobin,  and,  if  the  substances  are  comparable, 
would  indicate  5.7  per  cent  of  water  of  crystallization. 

The  subtraction  of  the  refractive  index  of  water  at  the  tempera- 
ture of  the  hemoglobin  solution  from  the  refractive  index  of  the 
hemoglobin  solution  gives  a  figure  proportional  to  the  hemoglobin 
concentration  over  a  very  wide  range. 

Hemoglobin  in  the  presence  of  NaCl  and  at  a  pH  close  to  the  iso- 
electric point  of  6.8  can  be  coagulated  in  3  minutes  at  100°C., 
giving  a  clear  filtrate. 

Tiie  refractive  indices  of  the  filtrates  from  the  heat  coagulation 
of  hemoglobin  correspond  vevy  closety  to  the  ultrafiltrates  from 
the  same  solutions.  This  gives  an  easy  way  to  separate  the 
refractive  effect  of  hemoglobin  from  that  of  non-protein  constit- 
uents under  the  proper  conditions. 

A  method  is  described  for  obtaining  the  concentration  of  hemo- 
globin in  terms  of  dry  weight  of  the  substance,  applicable  to 
blod. 

This  method  compared  with  the  oxygen  capacity  of  the  same 
blood  obtained  by  the  Van  Slyke  method,  gives  a  ratio  of  1.26, 
as  compared  with  Hiifner's  of  1.34.  If  the  oxygen  capacity  were 
obtained  by  the  Haldane  method  the  ratio  would  be  about  1.15. 

A  short  method  of  obtaining  the  hemoglobin  concentration  by 
the  refractometer  is  described.  This  method  checks  closely 
with  the  longer  and  more  conclusive  method. 

We  wish  to  express  our  indebtedness  to  Dr.  Arlie  V.  Bock  and 
Dr.  Henry  Field,  Jr.,  for  the  detemiinations  of  the  oxygen  capacity. 
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VIII.     THE  MICROCHEMICAL  DETECTION  OF  LEAD. 

By  LAWRENCE  T.  PWIRHALL. 

{From   Ihe  Lahoratorics   of  Physiology,   Harvard  Medical  School,   Bosto7i.) 

(Received  for  puhlication,  July  2,  1923.) 

From  the  view-point  of  the  chiiical  hiljoiatory,  the  accurate 
determination  of  lead  in  Ijiological  material  is  a  relatively  compli- 
cated procedm-e.  The  several  factors  which  account  for  this  have 
already  been  discussed  (1).  A  relatively  simple  qualitative  test 
for  lead  would  therefore  accomplish  two  things:  (a)  It  could  be 
used  to  confirm  the  quantitative  determination  of  the  small 
amounts  used;  and  (6)  it  could  be  readily  used  in  the  clinic  where 
only  qualitative  results  are  usually  desired.  It  was  for  these 
reasons  that  distinctive  microchemical  methods  were  studied. 

The  so  called  "triple  nitrite  test"  of  Behrens  and  Kley  (2)  is 
perhaps  the  most  characteristic  of  the  microchemical  tests  for' 
lead.  It  depends  upon  the  formation  of  a  hcxanitrite  of  potassium, 
copper,  and  lead — K2CuPb(N02)6.  This  hexanitrite  is  readily 
identified  under  the  microscope  by  its  regular  crystalline  struc- 
ture. For  this  reason  the  test  is  extremely  delicate  and  far  sur- 
passes the  usual  microanalytical  tests  for  lead,  such  as  the  iodide 
and  chromate  tests.  The  iodide  test  is  not  particularly  distinc- 
tive under  the  microscope,  nor  is  it  wholly  satisfactory'  because  of 
the  relative  solubility  of  lead  iodide.  Lead  chromate,  while  very 
insoluble,  is  invariably  precipitated  in  an  amorphous  condition 
so  that  identification  is  difficult. 

The  triple  nitrite  test  consists  in  adding  small  crystals,  suc- 
cessiveh',  of  copper  acetate,  sodium  acetate,  and  potassium  nitrite 
to  a  drop  of  the  lead  solution  which  had  been  slightly  acidified 
with  acetic  acid.  Sodium  acetate  is  added  in  order  to  buffer 
free  mineral  acids,  which  interfere  with  the  test.  The  hexanitrite 
crystalKzes  in  regular  rectangular  plates  or  cubes  (Figs.  1  and  2), 
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usually  black,  but  occasionally  dark  red  wluni  the  plates  are  thin. 
With  r(>latively  lar<i;e  amounts  of  \nivc  lead  salt  the  test  seldom 
fails  when  made  in  this  way.  l''i'e(iuent  failures  have  IxH'n 
obtainiHl,  however,  when  this  test  was  ai)|)li(Hl  to  traces  of  lead 
prcH'ipitated  in  the  analysis  of  biolof>;ical  material.  Here  it  fre- 
quentlx'  happiMis  that  tlu^  h^ad  is  i)r(>seut  in  such  small  amounts 
that  consid(n-al)le  analytical  skill  is  necessary  to  make  an  {>xact 
estimation.  A  study  was  therefore  made  for  the  j)urpose  of  apply- 
inii  this  test  to  clinical  material  and  for  defininti;  more  (^xactlythe 
conditions  under  which  (he  lu^xanitrite  would  crystallize  in  low 
concentrations. 


^ 
•> 


Fig.  1.  Fk;.  2. 

Fig.  1.  Showing  the  regular  rectungular  i)hit('.-:;  or  cuhes  of  hexanitrite 
cr3'stals.     X  85. 

Fig.  2.  Showing  the  reguhir  rectangukir  ))lates  or  culjes  of  he.xunitrite 
crystals.     X  350. 

In  order  to  insure  constant  results  with  this  test  it  was  found 
that  definite  quantities  of  reagent  must  be  used;  the  procedure  as 
usuall}^  outlined  is  altoji'ether  too  indefinite.  Instead  of  addinp; 
crystals  of  the  solid  salts,  ther(^foi'e,  the  reagents  in  solution  form 
should  be  measured  from  capillary  pipettes.  The  latter  may  be 
made  readily  by  drawijig  out  a  piece  of  4  nnn.  glass  tubing  to  a 
capillary  and  blowing  a  bulb  at  one  end.  The  stem  may  be  cali- 
l)iat(Hl  roughly  by  marking  two  points,  representing  a  volume  of 
5  c.  mm.  (about  1    10  of  a  noi'mal  drop).     Using  measured  quanti- 
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ties  of  rea^'ents  of  definite  concentration  results  not  only  in  repro- 
ducible results  but  also  avoids  any  tendency  to  "drown"  the 
preparation — a  frequent  cause  of  failure  noted  by  Schoorl  (3). 
Solutions  of  the  following  composition  are  required:  Sodium 
acetate  4  per  cent,  pure  copper  acetate  2  per  cent,  and  10  per  cent 
acetic  acid. 

The  purity  of  the  lead  solution  to  be  tested  is  a  decided  factor  in 
the  success  of  the  test.  The  lead  must  be  separated  in  such  a  way 
therefore  that  contamination  is  reduced  to  a  minimum.  Ammo- 
nium, iron,  and  calcium  salts  interfere  with  the  test,  even  when  a 
relatively  large  amount  of  lead  is  present.  The  most  convenient 
method  of  separating  the  lead  is  as  the  sulfide.  This  is  possible 
even  with  a  very  minute  amount  of  lead  in  the  presence  of  a  rela- 
tively great  concentration  of  other  inorganic  salts.  The  means  of 
accomplishing  this,  however,  must  be  a  refinement  of  the  ordinary 
analytical  procedure.  The  acidity  of  the  solution  must  be  reduced 
as  far  as  possible  in  order  to  precipitate  the  maximum  amount  of 
lead ;  for  this  reason  the  solution  should  be  made  just  acid  to  methyl 
orange  by  the  least  amount  of  hydrochloric  acid  possible.  The 
physical  separation  of  the  colloidal  lead  sulfide  presents  another 
difficulty.  0.005  mg.  of  lead  in  15  to  20  cc.  of  solution  gives  a 
barely  visible  yellow  color  on  saturation  with  hydrogen  sulfitle. 
Centrifugation  alone  is  insufficient  to  throw  out  the  lead  sulfide 
in  such  a  case.  A  convenient  means  of  accomplis'hing  this,  how- 
ever, is  to  add  first  of  all  a  drop  of  the  2  per  cent  copper  acetate 
solution  and  1  cc.  of  a  saturated  solution  of  ammonium  sulfate. 
The  ammonium  sulfate  serves  to  coagulate  the  colloidal  sulfides 
and  the  copper  sulfide  on  centrifugation  carries  down  the  lead 
sulfide  bj'  entrainment. 

Since  traces  of  inorganic  salts  interfei'e  seriouslj''  with  the  test; 
these  must  be  removed  by  careful  washing.  This  is  readily 
accomplished  b}'  decantation,  as  the  sulfide  packs  well  in  the 
bottom  of  the  centrifuge  tube.  If  the  washing  is  carefully  done  it 
is  usually  unnecessary  to  rcprecipitate  the  lead  as  sulfide. 

Cesium  or  thalliiun  salts  improve  the  sensitiveness  of  the  test  for 
lead,  as  the  corresponding  hexanitrites  are  much  more  insoluble 
than  the  pDtassium  hexanitrite.  With  thallium  the  sensitiveness 
is  particularly  inci-eased.  However,  the  crystals  of  the  thallium 
compound  are  very  minute  and  much  more  difficult  to  identify  than 
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the  potassium  salt.  .\lso  crystals  of  t halloas  (•hl()ri(l(\  which 
occasionally  form,  ai'o  apt  to  causc^  confusion.  Vov  \\w  chnical 
(Ictootion  of  load,  the  more  conunon  potassium  nitiitc  is  (iuit(> 
siifficiontly  sensitive  as  a  reagent. 

Procedure. 

In  testing  for  lead  in  organic  matei'ial,  it  is  essential  to  oxidize 
the  organic  substances  present  before  h^ad  will  respond  to  the 
ordinary  prcH'ipitation  I'oactions.  The  material  should  be  l)ake(l 
and  ashed  and  the  ash  com])letely  dissolved  in  hydrochloric  acid.^ 
The  volume  of  solution  should  bc^  about  25  cc.  After  neutralizing 
the  solution  thus  seciu'ed  it  should  hv  made  just  acid  to  meth>l 
orange  with  a  small  amount  of  dilute  hydrochloric  acid.  1  cc. 
of  a  saturated  solution  of  ammonium  sulfate  and  1  drop  of  2  per 
cent  copper  acetate  solution  are  added  and  the  cold  solution  is 
saturated  with  hydrogen  sulfide  gas.  The  sulfides  are  thrown  out 
by  cent rifugat  ion  antl  washed  at  least  three  times  by  decantation, 
the  water  being  drained  completely  from  the  precipitate  each  time 
by  means  of  a  capillary  tube.  The  washing  must  be  thorough  and 
the  w'ash  water  completely  drained  from  the  sulfide  precipitate  each 
time,  as  small  amounts  of  inorganic  salts  seriously  interfere  with 
the  test.  The  centrifuge  tube  containing  the  sulfides,  drained  free 
from  water,  is  then  placed  in  a  beaker  of  boiling  water  and  2  drops 
of  nitric  acid  are  added.  Some  of  the  solution  thus  obtained  should 
be  drawn  up  into  a  capillary  tul^e  and  a  drop  or  so  evaporated  to 
dryness  on  a  microscope  slide.  5  to  10  c.  mm.  of  4  per  cent 
sodium  acetate  solution  should  then  be  added  and  the  residue 
completely  dissolved.  In  case  copper  acetate  was  not  added 
previously  to  aid  in  the  precipitation  of  the  lead  sulfide,  it  is  neces- 
sary also  to  add  5  c.mm.  of  the  2  per  cent  copper  acetate  solution. 
The  residue  must  be  thoroughly  mixed  with  these  so  that  all 
particles  dissolve.  The  material  should  be  collected  into  1  drop- 
let and  again  evaporated  to  dryness.  When  carefully  done  the 
residue  will  consist  of  a  rim  about  4  mm.  in  diameter  in  which  the 
greater  part  of  the  salts  are  concentrated.  The  slide  should  then 
be  chilled  on  ice,  5  c.mm.  of  10  per  cent  acetic  acid  and  a  small 
crystal  of  potassium  niti-ite  are  added.  This  nitrite  solution  should 

iFairhall  (1),  p.  14. 
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be  centrally  placed  in  the  dry  residue  and  allow(xl  to  diffuse  to 
the  outer  edge.  This  slow  diffusion  permits  the  hexanitrite  cr.ys- 
tals  to  form  at  various  places  under  optimmii  conditions  of  con- 
centration. The  small  black  cubes  and  squares  are  usually  found 
in  the  outei-  rim  scattered  among  the  crystals  of  copper  acetate. 
Instead  of  adding  a  small  crystal  or  two  of  potassium  nitrite  to 
the  acetic  acid  droplet,  5  c.mm.  of  a  20  per  cent  potassium  nitrite 
solution  acidified  with  acetic  acid  may  be  added  directly.  The 
former  method  is  the  more  convenient,  however,  since  the  acid- 
nitrite  solution  rapidly  decomposes.  An  excess  of  potassium 
nitrite  serves  to  reduce  the  solul^ility  of  the  hexanitrite,  though 
this  is  opposed  to  the  statement  of  Chamot  (4)  that  the  hexani- 
trite is  soluble  in  an  excess  of  the  salt.  That  this  is  not  so  may  be 
shown  by  adding  solid  potassium  nitrite  to  a  saturated  solution 
of  the  hexanitrite.  This  produces  an  immediate  precipitate  of 
the  black  crystals  showing  that  an  excess  diminishes  the  solubility 
instead  of  increasing  it.  Therefore,  a  slight  excess  of  potassium 
nitrite  is  an  advantage.  However,  an  excess  of  acetic  acid  solu- 
tion is  to  be  avoided,  as  the  crystals  are  rather  solul^le  in  water. 
The  amount  of  acetic  acid  is  restricted  for  this  reason  to  5  c.  mm. 

By  evaporating  a  drop  of  a  very  dilute  solution  of  a  pure  lead 
salt  on  a  microscope  slide  it  is  possil^le  to  estimate  the  sensi- 
tiveness of  limit  of  this  test  for  lead.  This  sensitiveness  is  given 
as  0.03,ugm.  by  Behrens  and  Kley-  and  0.003,L<gm.  by  Emich 
(5).  It  is  quite  out  of  the  question,  however,  to  expect  to  separate 
any  such  small  amount  of  lead  from  several  grams  of  ash  and  to 
identify  it.  Indeed,  2  or  3/x  gm.  of  lead  salt  dissolved  in  15  to  20 
cc.  of  water  fail  to  show  the  slightest  color  change  with  hydrogen 
sulfide.  With  the  alcove  procedure,  however,  experiments 
repeatedly  have  shown  that  0.001  mg.  or  l.u  gm.  of  lead  may  be 
separated  and  readil}^  identified  from  15  cc.  of  a  solution  con- 
taining other  salts. 

Effect  of  Bismuth. 

A  great  many  of  the  reactions  of  l)ismuth  are  so  similar  to  those 
of  lead  that  it  is  somewhat  difficult  to  identify  either  metal  when 
present  in  amounts  less  than  1  mg.  Since  loismuth  salts  are  occa- 
sionally   administered    medicinally    in  cases  of  lead    poisoning, 

-Behrens  and  Kley  (2),  p.  G.). 
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the  tlistinction  I»(M\V((ii  tjic  two  nui.sl  he  closely  drnwii.  When 
bismuth  is  pres(>nt  a  wlii((>  preeipitate  is  prodiieed  by  sodium 
acetate.  This  preeijMtate  olvscures  or  prevents  the  ioiiuatiou  of 
the  hexauitrite.  The  .u'l-eater  part  of  the  bismuth  may  be  sepa- 
rated, however,  by  eoiiV(M'tinij;  il  into  the  inso!ul)le  basic  nitrate 
by  dilution  with  water.  The  most  satisfactory  method  is  to  evap- 
orate the  nitrie  aeid  solution  of  nitrates  in  the  eenti-ifu<;e  tube  to 
dryness  and  then  add  1  oi'  2  droi)s  of  water.  A  white  i)recipitate 
of  the  bisnuith  oxynitrate  forms,  while  (h(>  lead  nitrate  i)asses  into 
solution.  A  drop  of  this  solution  may  be  filtered  readilv  in  a 
modified  Savasi(>  filtration  lube  ((i).     Foi-  this  i)ui-i)()se  a  fine  capil- 
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Fig.  3.     Showing   the  hexanitrite  crystals  fonnod  in  the  pre?enre  of  a 
.small  amount  of  bismuth.  X  350. 

lary  tube  having  a  tiny  plug'  of  al)soi-l)ent  cotton  at  one  end  is 
di-opped  into  the  solution.  The  clear  liquid  is  drawn  into  the  tube 
by  capillary  action  and,  after  Ijreaking  off  that  part  of  the  tube 
containing  the  plug,  may  ])e  transferred  to  the  slide.  The  small 
amount  of  bismuth  left  in  solution  no  longer  interferes  with  the 
test  for  lead.  Fig.  3  is  a  photomicrograi:)h  of  such  a  test  where  the 
ratio  of  bismuth  to  lead  w^as  originally  100:1.  The  very  slight 
amount  of  bismuth  still  present  separates  as  an  amorphous  precip- 
itate, but  does  not  prevent  the  formation  of  the  hexanitrite 
crystals. 
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Purification,  of  Reagents. 

Most  of  the  reagents  employed  for  the  separation  and  identifi- 
cation of  lead  will  be  found  to  contain  that  metal  in  minute 
amounts.  Purification  of  these  reagents  is  therefore  a  necessary 
first  step  in  the  application  of  this  test  for  lead.  Fortunately  this 
is  a  simple  matter  in  most  cases.  With  ammonium  sulfate,  for 
example,  the  cold  solution  may  be  saturated  with  hydrogen  sul- 
fide gas,  allowed  to  stand  over  night,  the  solution  filtered  from  the 
slight  i)recipitate  of  sulfide,  and  the  excess  hj'ch-ogen  sulfide 
removed  by  boiling.  Potassium  nitrite  often  contains  a  relatively 
large  amount  of  lead.  A  vei'y  pure  grade  of  potassium  nitrite 
may  bo  prepared  from  silver  nitrite.  In  order  to  do  this,  silver 
nitrate  should  be  added  to  the  filtered  solution  of  potassium  nitrite 
and  the  resulting  precipitate  of  silver  nitrite  washed  well  with  cold 
water.  This  silver  nitrite  is  then  dissolved  in  boiling  water  and  an 
equivalent  amount  of  pure  potassium  chloride  added.  The  pure 
potassium  nitrite  in  solution  may  then  by  crystallized  by  evaporat- 
ing this  solution  to  a  small  bulk.  Acids  and  ammonia  may  be 
purified  by  the  method  devised  by  Lenz  (7). 

CONCLUSION. 

A  modified  procedure  for  the  hexanitrite  test  for  lead  has  been 
described  and  applied  to  the  detection  of  lead  in  biological  material. 
By  means  of  this  method  as  small  a  quantity  as  1/x  gm.  of  lead  may 
be  separated  and  identified  in  the  presence  of  a  considerable 
amount  of  other  inorganic  salts.  The  test  may  be  used  as  a  satis- 
factory' and  relativeh'  simple  clinical  method  for  the  detection  of 
lead. 
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more, and  the  Harriet  Lane  Home,  the  Johns  Hopkins 
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(Received  for  publication,  June  30,  192.3.) 

Cerebrospinal  fluid  has  been  analyzed  chemically  by  a  number 
of  investigators  (1).  These  have  confined  themselves  usually  to 
the  quantitative  estimation  of  well  known  organic  constituents  or 
of  the  inorganic  constituents  as  a  whole.  Mestrezat  (2)  deter- 
mined the  concentration  of  the  individual  inorganic  elements  in 
cerebrospinal  fluids,  using  for  the  purpose  standard  gravimetric 
and  volumetric  methods.  For  these  methods  large  amounts  of 
cerebrospinal  fluid  were  required.  It  was  therefore  necessary 
to  pool  the  fluid  from  several  individuals.  Recent  improvements 
in  analytical  technique  have  made  possible  the  accurate  quanti- 
tative estimation  of  the  concentration  of  all  the  well  known 
elements  (sodium,  potassium,  calcium,  chlorine,  phosphorus,  and 
bicarbonate),  in  such  a  volume  of  cerebrospinal  fluid  as  may 
readily  be  obtained  from  a  single  patient.  Depisch  and  Richter- 
Quittner  (3)  in  a  very  elaborate  study  determined  the  concen- 
tration of  a  number  of  substances  in  the  cerebrospinal  fluid  of 
normal  individuals  as  well  as  in  that  of  individuals  suff"ering  from 
various  diseases.  They  also  simultaneously  determined  the  con- 
centration of  some  of  the  substances  in  the  serum  of  the  same 
patients.  The  variation  in  the  concentration  of  certain  of  the 
inorganic  elements  as  found  by  these  workers  is  so  great  as  to 
justify  serious  scepticism  as  to  the  accuracy  of  their  determina- 
tions. It  is  now  well  known  from  studies  on  serum  that  the 
concentration  of  the  inorganic  constituents  of  serum  is  remarkably 
constant  during  health  and  varies  but  little  in  disease.     Where 
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definite  variations  are  found  Ihev  are  usually  associated  with 
definite  clinical  s\  injitonis.  It  has  been  concUisively  shown  that 
the  calcium  concentration  of  the  serum  of  the  normal  adult 
is  constant,  varying  only  within  the  narrow  limits  of  9.5  and  10.5 
mg.  per  100  cc.  of  serum.  In  no  condition  is  the  calcium  con- 
(•(Mitration  of  serum  increased  above  the  normal  level.  Depisch 
ami  Richter-Quittner  report  14.84  mg.  per  100  cc.  as  the  calcium 
concentration  of  the  serum  of  a  normal  adult.  For  pathological 
sera  values  ranging  from  19.6  to  53.53  mg.  per  100  cc.  of  serum  are 
given.     It  is  quite  impossible  to  explain  such  results. 

The  work  which  furnishes  the  basis  of  this  report  was  under- 
taken to  determine: 

1.  The  concentration  of  the  cations  (sodium,  potassium,  and 
calcium)  and  the  anions  (chlorine,  phosphate,  and  bicarbonate) 
in  normal  cerebrospinal  fluid. 

2.  The  changes  in  the  concentration  of  these  elements  with 
disease. 

3.  By  analyzing  the  serum  and  cerebrospinal  fluid  obtained 
simultaneously  from  the  same  patient  we  attempted  to  determine 
the  nature  of  the  equilibrium  that  prevails  between  these  two 
bod}'  fluids,  the  former  with  its  high  protein  content,  the  latter 
protein-free. 

We  have  studied  the  cerebrospinal  fluid  and  serum  of  thirteen 
patients.  Three  of  these  patients  were  normal.  The  others  were 
sufl"ering  either  from  some  general  constitutional  disease  or  from 
some  specific  in\'olvement  of  the  central  nervous   system. 

Method. 

Lumbar  and  venous  punctures  were  performed  in  the  usual 
manner.  Four  of  our  adult  patients  were  in  the  sitting  position, 
the  remainder  were  lying  down  during  the  procedure. 

Cerebrospinal  fluids  and  sera  were  examined  at  once.  Only 
fluids  free  of  blood  were  examined.     Hemolyzed  sera  were  rejected. 

Sodium,  calcium,  and  potassium  were  determined  by  the 
methods  devised  by  Kramer  and  Tisdall  (4).  Phosphorus  deter- 
minations were  made  bj-  employing  the  Brigg's  modification  (5) 
of  the  Bell-Doisy  method.  We  used  Whitehorn's  method  (6)  in 
our  chlorine  and  Van  Slyke  and  Cullen's  method  (7)  for  our 
CO2  determinations. 
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Table  I  gives  the  results  of  determinations  made  upon  the 
serum  and  spinal  fluid  of  thr(>e  normal  individuals.  The  calcium 
concentration  of  the  spinal  fluid  is  found  to  be  40  to  50  per  cent 
of  that  of  the  serum  of  the  same  individual  or  4.4  to  5.0  mg. 
per  100  cc.  of  spinal  fluid.  These  figures  agree  very  well  with 
those  obtained  by  Neuhausen  and  Pincus  for  the  free  calcium  of 
serum. The  inorganic  phosphorus  concentration  of  spinal  fluid  is 
much  less  than  that  of  the  serum  of  the  same  individual.  The 
chlorine  concentration,  however,  is  much  higher  in  cerebrospinal 
fluid  than  in  serum.  This  is  a  regular  finding  not  only  v/ith  normal 
but  also  with  pathological  fluids.  The  potassium  concentration 
is  always  less  in  spinal  fluid  than  in  the  serum,  var\dng  from  12.8 
to  16.6  mg.  per  100  cc.  of  cerebrospinal  fluid  as  compared  with 
20.0  to  24.2  mg.  of  the  same  element  in  serum.  We  are  unable 
to  explain  the  high  results  obtained  by  Depisch  and  Richter- 
Quittner  who  found  as  much  as  72  mg.  of  potassium  per  100  cc. 
of  normal  serum.  In  an  unpublished  report  Kramer  and  Wilkins 
have  shown  that  the  potassium  concentration  of  normal  serum 
varies  only  from  18  to  24  mg.  per  100  cc.  The  sodium  con- 
centration of  spinal  fluid  is  essentially  the  same  as  that  of  serum. 
The  same  applies  to  the  bicarbonate  concentration. 

Table  II  contains  the  results  of  anal3^ses  of  the  blood  serum  arid 
spinal  fluid  of  ten  patients  suffering  from  various  diseases.  The 
calcium  concentration  of  the  spinal  fluid  remains  remarkably 
constant  even  though  that  of  the  serum  may  at  times  be  somewhat 
decreased.  The  inorganic  phosphorus  of  the  spinal  fluid  is  regu- 
larly very  low,  quite  independently  of  the  concentration  of  the 
same  element  in  the  serum.  As  with  normal  individuals  so  we 
find  here  that  the  chlorine  concentration  of  spinal  fluid  is  much 
higher  than  that  of  the  serum  of  the  same  patient.  The  relation- 
ship between  the  potassium,  sodium,  and  bicarbonate  of  spinal 
fluid  and  serum  is  the  same  as  in  the  normal  individual. 

In  Table  III  the  results  for  normal  fluids  are  summarized. 

DISCUSSION. 

We  have  no  desire  to  enter  here  into  a  discussion  as  to  the  nature 
of  cerebrospinal  fluid  or  the  mechanism  of  its  formation.  These 
subjects  have  been  reviewed  at  length  by  Dandy  and  Blackfan 
(8),  by  Weed  and  Gushing  (9),  and  more  recently  by  Becht  (10). 
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Cerebrospinal  fluid  is  considered  In-  some  to  he  a  secretion,  whereas 
others  look  upon  it  as  being  an  ultrafiltrate  or  a  dialysate.  Normal 
cerebrospinal  fluid  contains  the  same  electrol3^tes  as  serum,  but 
practically  no  protein  whereas  serum  contains  7  to  9  per  cent  of 
protein.  The  proteins  of  serum  tlo  not  diffuse  through  a  collodion 
membrane.     Donnan    (11)    has   shown   that   when   a  membrane 

TABLE  III. 
Average  Concentration  oj  the  Anions  and  Cations  in  Normal  Serum  and 

Spinal  Fluid. 
Average  vahics  expressed  in  ing.  per  100  cc.  of  material. 


Material. 

Ca 

P 

CI  (NaCl) 

K 

Na 

CO2 

Serum 

9.6 

4.8 

2.9  (Adults.) 
4.6  (Children.) 

1.3 

578 
712 

20.9 
14.7 

328 
351 

55  6* 

Cerebrospinal  . 
fluid 

55.7 

*  Concentration  expressed  in  cc.  of  CO2  gas  per  100  cc.  of  serum  at  0°C. 
and  700  mm.  of  Hg. 

TABLE  IV. 

Concentrations  of  Anions  and  Cations  in  Cerebrospinal  Fluid  and  Serum 

Expressed  in  Gram  Molecules  per  Liter. 


Material. 

Sodi- 
um. 

Potas- 
sium. 

Cal- 
cium. 

Chlo- 
rine. 

Bicar- 
bonate. 

Phos- 
pliato. 

Serum 

0.143 
0.143 

0.005 C 

1.  002.n 

0.102 
0.124 

0.032 
0.032 

0.001 

Cerebrospinal  fluid 

0.004  0.0012 

0.0006 

Serum.* 

Cerebrospinal 
fluid. 

Total  concentration  of 
Product 

cations 

anions 

0.150 
0.135 
0.020 

0.148 

0.157 
0.023 

*  Note. — If  we  assume  that  only  92  per  cent  of  the  serum  is  water  and 
calculate  the  concentrations  accordingly  the  agreement  is  much  better. 

Concentration  of  cations  in  serum  =  0. 163  molal 
"  anions    "       "       =  0.147      " 
Product"       "       =  0.024       " 

separates  two  solutions  of  electrolytes,  one  of  which  contains  one 
ion  which  cannot  diffuse  through  the  membrane  while  all  the 
other  ions  can  diffuse  through  the  membrane,  the  result  will  be 
an  unequal  distribution  of  the  diffusible  ions  on  the  opposite 
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sides  of  the  membrane.  At  equilibrium  the  products  of  the 
concentration  of  each  pair  of  opposite^  charged  diffusible  ions 
are  the  same  on  the  opposite  sides  of  the  membrane. 

In  Table  IV  are  given  the  molaP  concentrations  of  the  various 
anions  and  cations  in  serum  and  cerebrospinal  fluid.  \Vhen 
the  figures  for  the  concentrations  of  the  opposite!}^  charged 
ions  in  each  fluid  are  multiplied  by  each  other  the  results 
are  approximate^  the  same  both  for  serum  and  cerebrospinal 
fluid.  We  are  a^\are  of  the  fact  that  no  account  has  been 
taken  of  differences  in  ionization  of  different  salts,  but  sodium  and 
chlorine  which  constitute  the  major  part  of  the  electrol5i:.es  are 
both  practical^  completely  ionized  in  blood  serum  and  very 
likely  also  in  cerebrospinal  fluid.  In  a  study  of  the  physical 
and  chemical  properties  of  serum,  and  serous  effusions  Loeb, 
Atchley,  and  Palmer  (12)  found  the  potassium  content  of  serum 
to  be  always  higher  than  that  of  the  effusion.  The  chlorine 
content  of  the  serous  fluid  is  always  higher  than  that  of  the 
serum,  while  the  sodium  and  bicarbonate  are  equally  distributed. 
Wlien  the  serum  and  the  effusion  were  diah'zed  against  each  other 
the  equilibrium  between  the  electrolytes  remained   unaffected. 

Table  I  shows  that  a  similar  equilibrium  exists  between  serum 
and  cerebrospinal  fluid.  Here  also  the  chlorine  concentration  of 
the  spinal  fluid  (protein-free)  is  higher  than  that  of  the  serum, 
the  sodium  and  bicarbonate  concentrations  are  the  same,  whereas 
the  potassium  concentration  is  lower  in  the  spinal  fluid  than  in 
the  serum.  Some  determinations  of  the  calcium  of  serum  and 
serous  effusions  have  shown  the  calcium  concentration  to  be  about 
the  same  in  both  fluids,  whereas  here  we  find  the  calcium  concen- 
tration of  spinal  fluid  to  be  only  about  50  per  cent  of  that  of  the 
serum.  However,  serous  effusions  alwa^^s  contain  a  variable 
amount  of  protein,  whereas  normal  spinal  fluid  is  practically 
protein-free. 

CQXCLUSIOXS. 

The  concentration  of  the  various  cations  and  anions  in  spinal 
fluid  and  serum  of  the  same  patient  has  been  determined. 

A  study  of  the  equilibrium  between  the  concentration  of  these 
elements  in  the  serum  and  spinal  fluid  suggests  that  the  Donnan 
membrane  equilibrium  plays  an  important  part. 

■Since  practicallj^  all  the  ions  are  univalent,  the  gram  equivalent  and 
molal  concentrations  are  the  same. 
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ASTERIASTEROL — A  NEW  STEROL  FROM  THE  STARFISH 

AND  THE  STEROLS  OF  CERTAIN  OTHER  MARINE 

ECHINODERMS. 

Bt  IRVINE  H.  PAGE. 

{From  the  Lilly  Research  Laboratory,  Woods  Hole  and  Indianapolis.) 
(Received  for  publication,  June  11',  1923.) 

The  present  study  was  undertaken  with  the  view  to  obtaining 
information  of  a  chemical  nature  that  might  help  to  explain  some 
of  the  curious  differences  that  exist  between  the  eggs  of  the 
starfish  (Asterias  forbesi)  and  other  echinoderms;  more  especiall}' 
those  of  the  sea  urchin  (Arhacia  punctulata)  and  sand  dollar 
(Echinarachnius  panyia) . 

Mathews  (1)  some  time  ago  investigated  the  sterols  of  the 
starfish  (Asterias  forbesi)  and  the  sea  urchin  (Arbacia  punctulata), 
but  was  unable  to  demonstrate  the  presence  of  true  cholesterol 
in  the  starfish  egg,  but  did  find  a  substance  in  the  sea  urchin 
that  exhibited  the  properties  of  cholesterol. 

Kossel  and  Edlbacher  (2),  in  analyzing  a  different  species  of 
starfish  (Astropecten  auranticus)  found  rather  large  quantities 
of  a  cholesterol  isomer  which  he  termed  stellasterol.  Doree  (3) 
found  a  peculiar  sterol  or  probably  mixture  of  sterols  from  As- 
terias rubens,  but  according  to  Kossel,  from  solubility  studies, 
not  identical  with  his  stellasterol.  Doree  believes  one  of  the 
substances  that  he  isolated  to  be  a  complex  alcohol  or  hydrocar- 
bon, while  the  other  shows  points  of  resemblance  to  the  members 
of  the  sterol  group. 

EXPERIMENTAL. 

The  following  mode  of  analysis  was  found  most  suitable  for 
the  separation  and  identification  of  the  sterols  of  both  the  bodies 
and  the  eggs  of  the  echinoderms  studied. 

Method. 

In  the  case  of  the  eggs,  the  ovaries  were  carefully  separated 
by  straining  through  cheese-cloth.     The  eggs  were  then  centri- 

471 

THE  JOCRNAL  OF  BIOLOGICAL  CHEMISTKT,  VOL.  LVII,  NO.  2 


472 


Asteriasterol 


fuged  in  order  to  concentrate,  and  dried  carefully  on  a  water 
bath.  The  bodies  were  cut  up  wliilc  alive,  dried  on  a  water 
bath,  and  ground  to  a  fine  powder  with  washed  sand. 

Extraction  was  carried  out  with  anhydrous  ether  three  suc- 
cessive times,  each  extraction  lasting  5  hours.  This  process  was 
followed  by  a  95  per  cent  ethjd  alcohol  extraction  lasting  8  hours, 
the  extracts  were  combined,  and  the  lecithin  fraction  was  pre- 
cipitated with  an  excess  of  acetone.  The  ether  and  acetone 
were  then  evapoi-ated  off  at  room  temperature  and  the  residue 


Fig.  1. 

Fig.  1.  Asteriasterol  recrystallized  from  alcohol.     Extinction,  oblique; 
birefringence,  low;  least  elasticity,  aa;  elongation,  +■ 

was  immediately  taken  up  in  hot  95  per  cent  alcohol.  To  this 
solution  another  hot  alcoholic  solution  containing  more  than 
sufficient  digitonin  to  precipitate  the  sterol  was  added,  and  the 
mixture  heated  on  a  water  bath  for  10  minutes.  This  mixture 
was  then  placed  in  an  ice  box  for  12  hours  to  insure  complete 
separation  of  the  sterol-digitonide.  The  precipitate  was  filtered 
ofi^,  carefully  dried  at  60°C.,  boiled  with  an  excess  of  acetic  anhy- 
dride for  10  minutes,  and  the  solution  poured  into  a  large  excess 
of  cold  water. 

The  resulting  precipitate  of  the  sterol  acetate  was  filtered  off, 
saponified  with  alcoholic  potassium  hydroxide,  poured  into  an 
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excess  of  cold  water,  filtered  off,  washed  with  water,  and  dried. 
The  mass  was  then  recrystallized  once  from  ethyl  acetate  and 
three  times  from  ethyl  alcohol.     (Fig.  1.) 

An  alternative  method  consisted  of  extracting  with  ether  and 
alcohol,  saponifying  the  combined  extract  with  sodium  ethylate, 
filtering  off  the  insoluble  soaps,  converting  the  unsaponifiable 
material  to  the  acetate,  saponifying  with  NaOH,  and  finally 
recrystallizing  from  absolute  ethyl  alcohol.     (Fig.  2.) 

Preparation  of  the  benzoate  part  of  the  residue  from  the  ether 
alcohol  extraction  was  taken  up  in  pure  pyridine,  an  excess  of 
benzovl  chloride  added,  and  the  mixture  allowed  to  stand  over- 


FiG.  2.  Fig.  .3. 

Fig.  2.  Asteriasterol  acetate  crystallized  from  absolute  alcohol. 
Fig.  3.  Asteriasterol  benzoate  recrystallized  from  absolute  alcohol. 

night.  It  was  then  poured  into  an  excess  of  cold  water,  filtered 
off,  washed  thoroughly  dry,  and  recrystallized  four  times  from 
95  per  cent  ethyl  alcohol.  (Fig.  3.)  An  orange  oil  was  very  often 
obtained  on  adding  the  pyridine  system  to  water.  This  was  found 
to  crystallize  if  cooled  for  a  few  hours,  but  if  this  failed,  gentle 
warming  on  the  water  bath  and  subsequent  cooling  produced 
the  desired  result. 

It  was  found  that  with  the  residues  from  the  extraction  of  al- 
most exhausted  portions  of  eggs  that  on  solution  with  pyridine  a 
stiff  jelly  was  obtained.  The  substances  involved  were  not  further 
investigated,  but  it  may  be  of  interest  to  note  that  Doree  (3)  had 


474  Asteriasterol 

a  similar  experience  with  the  bcnzoations  of  the  sterols  of 
Asterias  ruhcns.  This  jelly  gives  a  decidedly  positive  reaction 
with  the  Schiff  test  for  cholesterol  in  the  case  of  Arhacia. 

Results  of  Analysis. 

Properties  of  the  sterol  (asteriasterol)  from  Asterias  forhesi  are 
as  follows: 

1.  With  the  Liebermann-Burchard  reaction  an  intense  purple-bhie 
flashed  out  immediately  on  the  addition  of  the  sulfuric  acid,  and  within 
5  minutes  the  color  had  almost  entirely  disappeared.  This  test  was  always 
performed  using  10  cc.  of  chloroform  solution  of  the  sterol  plus  2  cc.  of 
acetic  anhydride  and  1  cc.  of  concentrated  H2SO4;  the  tube  tapped  for 
mixing  and  placed  in  the  dark  until  the  color  had  reached  a  maximum. 
With  true  cholesterol  the  color  develops  slowly  and  reaches  its  height 
within  approximately  15  minutes,  slowly  fading  out  to  a  yellowish  green. 

2.  This  sterol  was  easily  soluble  in  ether,  alcohol,  acetone,  chloroform, 
and  other  lipoid  solvents. 

3.  Salkowski's  reaction  was  atypical. 

4.  Without  previous  oxidation  by  means  of  benzoyl  peroxide  a  reaction 
very  similar  to  that  obtained  with  o.xycholesterol  using  the  Lifschiitz 
reaction  (4)  was  found. 

5.  Rosenheim's  (5)  monomethyl  sulfate  test  was  indecisive. 

6.  Golodetz'  modification  (6)  of  Tschugajeff's  test  was  negative. 

7.  Lifschiitz'  reaction  (4)  gives  a  slightly  purplish  brown  coloration 
whereas  cholesterol  itself  gives  a  brilliant  emerald  green. 

8.  This  substance  gives  no  precipitate  on  heating  with  Quillaja 
saponaria. 

9.  It  forms  a  digitonide,  but  probably  not  quantitatively. 

10.  Asteriasterol  reacts  with  Whitby's  reaction  A  reagent  (7)  to  give 
a  j-ellowish  red  with  greenish  fluorescence.  The  purple  in  the  CHCI3 
layer  was  not  present.  Acetic  anhydride  gave  a  reddish  yellow  color  to 
this  layer  but  no  blue,  characteristic  of  cholesterol. 

11.  Whitby's  (7)  reaction  B  gave  a  distinct  reddish  yellow,  but  no  purple. 
This  reaction  with  true  cholesterol  is  most  striking. 

12.  With  cold  AsCla  (Kahlenberg,  8)  a  yellow-brown  was  produced  which 
color  on  heating  turned  reddish  brown.  True  cholesterol  gives  a  remark- 
ably beautiful  cherry-red. 

13.  The  melting  point  of  asteriasterol  was  =h  70°C.;  that  of  the  acetate 
was  97°C.;  and  that  of  the  benzoate  was  125 °C. 

The  Whitby  reactions  are  very  striking  indeed  and  surely  repre- 
sent a  distinct  advance  in  the  means  whereby  sterol  isomers  may 
be  differentiated.  The  AsCla  reactions  of  Kahlenberg  are  also 
of  great  importance. 
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Sterols  of  Other  Organisms. 

Sand  Dollar  (Echinarachnius  parma). — The  sterol  from  this 
organism  is  undoubtedly  true  cholesterol.  The  material  gave 
a  good  rose-red  with  dimethyl  sulfate  which  color  was  readily 
discharged  with  alcohol.  Heated  with  benzoyl  peroxide  and 
acetic  anhydride  to  dryness,  taken  up  in  chloroform,  and  boiled 
with  dimethyl  sulfate  it  gave  a  deep  raspberry-red.  When 
ferric  chloride  and  acetic  anhydride  were  added  it  gave  a  deep 
green  coloration  with  a  precipitate,  These  reactions  are  charac- 
teristic of  true  cholesterol. 

With  the  Lifschiitz  reaction  a  brilliant  emerald  green,  charac- 
teristic of  cholesterol  was  obtained.  The  Liebermann-Burchard 
reaction  gave  a  coloration  identical  with  that  obtained  with  true 
cholesterol.  Whitby's  reactions  A  and  B  were  both  characteristic 
of  true  cholesterol. 

Sea  Urchin  (Arbacia  punctulata) . — Crystals  identical  with  those 
of  true  cholesterol  have  been  isolated.  The  Liebermann-Bur- 
chard reaction  and  Whitby's  reactions  A  and  B  are  characteristic 
of  true  cholesterol.  With  AsCls  at  room  temperature  a  distinct 
purple  was  produced,  changing  to  brownish  purple  on  standing. 
Heating  produced  a  greenish  brown  changing  to  yellow-brown, 
similar  to  hydrous  lanolin.  This  would  indicate  the  presence 
also  of  isocholesterol. 

Cumingia  tellinoides.—Th.e  Liebermann-Burchard  and  Schiff 
reactions  were  characteristic  for  true  cholesterol. 

Choetopteriis  pergamentaceous. — The  Liebermann-Burchard  and 
Schiff  reactions  were  characteristic  for  true  cholesterol. 

Arenicola  cristata. — ^The  eggs  plustheir  jelly  oi  Arenicolacristata 
gave  a  sterol  that  exhibited  the  Liebermann-Burchard  reaction 
as  found  with  true  cholesterol. 

AsCls  Reaction  for  Oxycholesterol. 

Ox>'cholesterol  prepared  by  oxidation  of  cholesterol  with 
benzoyl  peroxide  was  employed.  The  material  dissolved  in 
AsCla  immediately  produces  a  beautiful  deep  violet  which  on 
gently  heating  turned  bright  blue  and  on  vigorous  boiling,  bright 
green.     The  color  changes  were  remarkably  sharp  and  brilliant. 
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Little  lias  been  done  toward  the  isolation  and  identification 
of  the  sterols  of  various  organisms,  but  what  meager  data  there  are 
availaV)le  indicate  a  very  large  number  of  isomers  of  cholesterol. 
Windaus  and  von  Staden's  recent  work  (9)  has  shown  chemically 
how  very  differently  some  of  these  isomers  may  react.  Their 
biological  significance  is  undoubtedly  very  important. 

SUMMARY. 

1.  The  sterol  of  the  starfish  {Asterias  forbesi)  has  been  isolated, 
identified,  and  named. 

2.  The  sterols  of  the  sand  dollar  (Eckinarachnius  parma)  and 
the  sea  urchin  (Arbacia  punctulata)  have  been  found  to  be  identi- 
cal with  true  cholesterol. 

3.  The  sterols  of  Cuviingia  teUinoides,  Choetopterus  pergamen- 
iaceous,  and  Arenicola  cristata  very  probablj^  are  identical  with 
true  cholesterol. 

4.  The  use  of  AsCls  as  a  means  of  identifying  sterols  has  been 
extended  to  oxy cholesterol.     The  reaction  is  very  striking. 

I  wish  to  express  my  sincere  appreciation  to  Dr.  G.  H.  A. 
Clowes  for  his  unvarying  interest  and  enthusiasm  during  this 
investigation. 
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THE  ACCURACY  OF  THE  "lONOMETRIC"  METHOD  AND 

OF  THE  PROTEIN  CORRECTION  IN  MEASURING 

SERUM  CONDUCTIVITY. 

By  H.  C.  gram*  and  GLENN  E.  CULLEN. 

{From  the  John  Ilerr  Musser  Department  of  Research  Medicine,  University  of 
Pennsylvania,  Philadelphia.) 

(Received  for  publication,  June  1,  1923.) 

The  conductivity  method  for  studying  the  electrolyte  con- 
centration in  the  blood  serum  has  not  been  widely  used  in  clinical 
studies.  This  has  been  due  largely  to  difficulties  inherent  in  th& 
rather  complicated  apparatus  which  has  been  necessary  and  to 
the  large  amount  of  serum  that  has  been  required. 

Previous  reports  (Gram  (1),  Gram  and  Norgaard  (2))  have  demon- 
strated that  relatively  large  variations  in  the  conductivity  of 
serum  occur  in  various  clinical  conditions  and  that  these  varia- 
tions may  be  detected  by  the  use  of  the  ionometric  method  of 
Johanne  Christiansen  (3).  This  method  is  so  simple  and  so 
economical  of  material  that  it  would  seem  to  afford  the  method  of 
choice  for  clinical  studies  provided  it  is  sufficiently  accurate. 

To  determine  the  degree  of  accuracy  which  can  be  obtained 
with  it,  we  have  compared  the  method  with  the  standard 
Kohlrausch  method  using  both  pure  salt  solutions  and  sermn. 
It  will  be  shown  that  the  method  is"  accurate  to  within  about  1 
per  cent  and  that  it  is  admirably  suited  to  clinical  and  physio- 
logical investigations. 

Method. 

Kohlrausch  Method. — The  Kohlrausch  bridge  used  was  of  the 
Leeds  and  Northrup  type.  The  alternating  current  was  supplied 
by  an  audiooscillator;  with  the  adjustable  head  phones  and  the 

*  Robert  M.  Girvin  Fellow  in  Research  Medicine. 
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Ostwald  type  of  cell  used,  the  sensitivity  was  about  O.OOOo  of 
the  bridge  length.  All  the  determinations  were  made  at  20° 
(±  0.05°)  with  a  manually  controlled  water  bath. 

The  lonometer  of  Johanne  Christiansen. — Since  the  original 
description  of  the  apparatus  is  not  generally  available  the 
apparatus  is  described  in  some  detail. 

The  method  utilizes  the  principle  that  for  resistances  in  series  the  e.m.f. 
across  each  resistance  is  proportional  to  that  resistance.  If  a  voltmeter  of 
known  resistance  is  used  with  a  current  of  constant  voltage  and  if  an  un- 
known resistance  Rx  is  then  inserted  in  series  with  the  voltmeter  the  value 
of  the  unknown  resistance  may  be  calculated  from  the  two  voltmeter  read- 

ings:   Rx  = r —   Rv  where  R^,  and  Rx  are  the  voltmeter  and  unknown 

Ox 

resistances  and  Sv  and  Sx  are  the  readings  of  the  voltmeter  without  and 
with  the  unknown  resistance  in  series.  The  apparatus  used  consists  of  a 
spring  voltmeter  for  either  d.  c.  or  a.  c.  arranged  with  two  contact  buttons 
to  connect  the  voltmeter  either  directly  across  the  house  current  or  with 
the  conductivity  cell  containing  the  unknown  solution  in  series  with  the 
voltmeter.  This  arrangement  allows  rapid  comparison  of  the  two  volt- 
meter readings.  To  simplify  the  calculation  the  voltmeter  is  so  arranged  as 
to  be  adjustable  to  a  standard  reading  when  measuring  the  house  current 
alone.  In  the  instrument  used  in  this  work  this  adjustment  is  taken  care 
of  by  a  '"magnetic  shunt."  Accuracy  of  reading  is  increased  by  a  mirror 
background  for  the  pointer.  The  scale  is  divided  into  120  divisions  and 
readings  can  be  made  to  one-fourth  of  one  division. 

The  conductivity  cell  consists  of  a  U-shaped  capillary  tube,  the  capillary 
expanded  at  each  end  into  cups,  fitted  with  bright  platinum  wires  sealed  in 
and  pressed  against  the  glass  in  such  a  manner  that  there  is  little  danger  of 
disturbing  their  position.  The  minimum  amount  of  fluid  required  is  about 
0.5  cc.  The  vessel  is  mounted  in  an  ebonite  holder  with  contact  plugs  to 
which  the  platinum  wires  are  soldered  and  the  whole  is  connected  with 
the  voltmeter  in  the  same  manner  that  one  plugs  in  an  ordinary  electric 
connection.  ' 

The  temperature  is  controlled  to  within  0.1°C.  by  means  of  a  tumbler  of 
water  which  is  so  placed  that  the  cell  is  immersed  to  above  the  electrode 
level. 

The  advantages  of  this  type  of  conductivity  apparatus  are 
the  readily  available  current,  the  simplicity  and  portability  of 
the  apparatus,  the  unchanging  electrodes  which  require  a  mini- 
mum of  care,  the  rapidity  of  determination,  and  the  economj^  in 
material  to  be  tested. 

The  error  due  to  polarization  and  temperature  change  is  less, 
with  this  apparatus,  than  is  the  error  involved  in  the  reading. 
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The  necessity  for  the  use  of  alternating  current  to  avoid  polariza- 
tion is  avoided  by  the  high  resistance  of  the  conductivity  cell. 
Either  d,  c.  or  a.  c.  current  may  be  used  with  an  appropriate 
voltmeter. 

Routine  determinations  are  made  on  duplicate  samples  taking 
four  to  six  successive  readings  on  each  sample,  the  reading  with 
the  house  current  being  taken  between  each  reading  of  the 
unknown.  If  change  in  voltage  of  the  house  cm-rent  occurs  the 
readings  are  repeated  after  adjustment  of  the  voltmeter  to  the 
standard  initial  reading.  "When  serum  is  used  a  little  clot 
of  protein  will  form  around  the  anode.  This  should  be  removed 
with  a  soft  brush  before  the  next  examination. 

Standardization  of  the  Tonometer. — The  scale  values  of  the 
voltmeter  must  be  converted  to  some  units  gf  conductance  or 
resistance.  The  sodiima  chloride  equivalents  of  conductivity, 
that  is  the  percentage  of  NaCl  in  water  giving  the  same 
conductivity  as  the  solution  under  examination,  have  been 
adopted  in  previous  work.  The  temperature  of  20°C.  was  chosen 
as  that  nearest  the  average  temperature  of  the  laboratory.  The 
solutions  for  standardization  were  carefully  made  up  by  pre- 
paring a  solution  of  10  gm.  of  dry  pure  NaCl  in  distilled  water  to 
1,000  cc.  From  this  standard  solution  the  different  solutions' 
were  made  up  by  adding  varying  amounts  from  a  calibrated 
burette  into  a  calibrated  50  cc.  measuring  flask  and  making  up 
to  the  mark  with  redistilled  water.  For  further  control  the  salt 
solutions  were  titrated  for  chlorides  according  to  the  Austin- 
Van  Slyke  method  and  found  correct.  The  results  of  such  a 
standardization  for  the  range  of  serum  are  presented  in  Table  I, 
Colmnns  1  and  2,  and  as  a  curve  in  Fig.  1.  The  figm-es  are  given 
simply  as  an  example  as  it  is  necessary  to  standardize  each  appa- 
ratus. In  practise  the  portion  of  the  curve  between  0.500  and 
0.800  per  cent  NaCl  equivalents  is  plotted  on  a  large  scale  against 
the  scale  reading  of  the  voltmeter.  For  urine  it  is  necessary  to 
extend  the  range  of  the  standardization.  It  is  for  many  purposes 
convenient  to  consider  the  conductivity  expressed  in  terms  of  the 
specific  conductivity  or  K  X  lO'*.  And  since  the  relationship 
between  concentration  and  specific  conductivity  is  (for  the  range 
under  consideration)  a  straight  line,  a  straight  line  representing 
this  may  be  drawn  on  the  same  graph.     As  these  conversions 
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are  not  always  conveniently  available  to  clinical  men  who  may  be 
interested  in  this  method  it  is  suggested  that  a  chart  similar  to 
Pig.  2  be  constructed.  Any  two  points  may  be  calculated  from 
suitable  tables  and  a  straight  line  drawn  between  them.  In  Fig.  2 
this  line  was  constructed  from  the  A'20  values  for  NaC -1  equivalents 
of  0.5845  and  0.7014;  namely,  0.009626  and  0.011446,  respectively. 


0.4  0.6  0.8 

NaCl,  per  cent 


1.0 


Fig.  1.  lonometer  II.     110  volts  d.c.  at  20°C. 


In  Column  5  of  Table  I  the  difference  between  the  values  of 
K  X  10*  calculated  and  observed  for  NaCl  shows  that  the  solu- 
tions used  and  the  bridge  readings  were  satisfactorily  accurate. 

The  standardization  curve  shown  in  Fig.  1  corresponds  to  the 

SI     7? 
type  of  curve  to  be  expected  from  the  equation  Sx  =   j^"    p'    = 

^ — j^  where  S^  and  S^  are  the  voltmeter  scale  readings,  without 
■Kx    A2 

and  with  the  cell  in  series,  /?i  is  the  unknown  resistance  of  the 

conductivity   cell,  and   Rv   is   the   resistance   of  the   voltmeter. 

Since  Sv  and   R^  are  constants,   SMv  may  be  represented  by 

Ki,  and  Rv  by  K2. 
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Talile  II  gives  a  mean  error  determination.     The  mean  error 

-  -  — where  /x  is  the  mean 
n-1 

error,  ^r/-  is  the  smn  of  the  squares  of  the  variations  from  the 

average,  and  n  equals  the  nmnber  of  determinations.     This   is 

the  formula  used  universally  in  Denmark,  and  is  the  formula  used 

in  the  previous  papers  of  this  series. 

TABLE  I. 

Standardization  of  lonometer  in  Terms  of  NaCl  Equivalents  of  Conductivity 
and  of  Specific  Conductivity. 
Columns  4  and  5  show  the  accuracy  of  the  conductivity  apparatus  and 
of  the  solutions  used. 


NaCl  solution 
used. 

lonometer  scale 
reading. 

A'm  X  10' 
Kohlrausch.* 

A'20  X  w 
Theoretical. t 

Difference, 

Column  3  — 

Column  4 

A'20  X  10^ 

gm.  per  100  cc. 

0.55 

59.75 

90.9 

91.1 

-0.2 

0.59 

62.25 

96.7 

97.1 

-0.4 

0.60 

63 

98.8 

98.7 

+0.1 

0.61 

64 

100.6 

100.2 

+0.4 

0.62 

64.50 

101.9 

101.7 

+0.2 

0.63 

65 

103.3 

103.3 

0.0 

0.64 

65.75 

104.9 

104.8 

+0.1 

0.65 

66.50 

106.1 

106.3 

-0.2 

0.66 

67 

107.8 

107.9 

-0.1 

0.67 

67.50 

109.6 

109.4 

+0.2 

0.68 

68.25 

111.4 

111.0 

+0.4 

0.69 

69 

112.2 

112.5 

-0.3 

0.70 

69.75 

114.0 

114.1 

-0.1 

0.72 

71 

116.9 

117.3 

-0.4 

0.74 

71.75 

119.6 

120.4 

-0.8 

0.75 

72.75 

122.1 

122.0 

+0.1 

*  Corrected  for  the  conductivity  of  the  water  used  in  making  up  the 
solution  =  0.5  X  10-*. 

t  Landolt,  Boernstein,  and  Roth. 

The  next  experiment  was  concerned  with  the  influence  of 
temperature  on  the  readings.  As  shown  by  Table  III  the  average 
change  in  conductivity  per  degree  Centigrade  between  25°  and 
15°  is  2.06  per  cent  of  the  NaCl  equivalent.  It  was  found  possible 
to  keep  the  temperature  constant  within  one-tenth  of  a  degree 
Centigrade  in  our  experiments;  i.  e.,  to  within  0.2  per  cent  of  the 
reading. 


TABLE  II. 
Mean  Error  of  lonometer  Reading. 
110  volts  D.c.  Ten  determinations  on  a  serum  from  a  case  of  uremia; 
four  readings  for  each  determination. 


NaCI  equivalent  of  conductivity. 

Variation  from  average. 

per  cent 

per  cent 

0.628 

0.0016 

0.628 

0.0016 

0.628 

0.0016 

0.628 

0.0016 

0.628 

0.0016 

0.620 

0.0064 

0.628 

0.0016 

0.624 

0.0024 

0.628 

0.0016 

0.624 

0.0024 

Average 0.6264 

0.00244 

Mean  error  =  ±0.0028  NaCI  equivalent. 

TABLE  III. 
Influence  of  Temperature  on  lonometric  Reading. 
0.680  per  cent  NaCI  used  for  experiment. 


Temperature  of  bath. 

NaCl  equivalent  of 
conductivity. 

Difference  per  degree. 

°C. 

25 

0.750 

0.013 

24 

0.737 

0.013 

23 

0.724 

0.016 

22 

0.708 

0.015 

21 

0.693 

0.013 

20 

0.680 

0.010 

19 

0.670 

0.016 

18 

0.654 

0.014 

17 

0.640 

0.012 

16 

0.628 

0.018 

15 

0.610 

Average 

0.014 

Average  change  per  degree  change  of  temperature  =  2.06  per  cent  of 
value. 
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The  results  of  conductivity  with  the  ionometer  were  then  com- 
pared with  those  obtained  by  a  Kohh-ausch  apparatus.  The 
platinized  electrode  cell  of  the  bridge  instrument  was  standardized 
by  determining  its  resistance  capacity  with  a  0.1  n  KC'l  solution, 
K20  taken  as  0.01167.  The  KCl  solution  was  tested  by  chloride 
titration  and  the  results  were  as  follows: 


0.1  X  KCl  =  0.7456  per  cent  KCl. 


Titration  of  triplicates. 

1 

2 

3 

0.742 
0.742 

0.742 
0.742 
0.732 

0.751 
0.742 
0.751   ' 

Average  =  0.744  or  99.8  per  cent  of  the  theoretical . 

Comparison  of  Methods. 

With  the  calibration  cm-ve  of  the  ionometer  established  and 
with  the  accuracy  of  the  bridge  apparatus  verified,  a  series  of 
comparisons  of  the  two  methods  was  carried  out.  Table  IV  gives 
the  results  of  two  such  experiments  in  which  KI  and  (NH4)2S04 
were  used.  The  maximum  error  was  1  per  cent,  the  average 
error  0.5  per  cent  of  the  total. 

Table  Y  gives  the  results  of  a  similar  comparison  in  which  sera 
were  used.  The  average  error  in  this  series  was  1  per  cent  with 
a  max-imum  of  2.2  per  cent.  The  conductivity  as  measured 
with  the  ionometer  tended  on  the  whole  to  be  slightly  lower  than 
that  measured  with  the  bridge,  but  since  the  accuracy  of  scale 
reading,  with  the  instrument  used,  is  not  greater  than  1  per  cent 
it  is  evident  that  the  ionometric  method  is  satisfactory  for  any 
investigation  where  an  error  of  1  per  cent  is  permissible.  This  is 
certainly  the  case  with  the  investigation  of  abnormal  variation  in 
conductivity  in  disease  reported  in  the  papers  referred  to  above. 

Influence  of  Protein,  Urea,  and  Sugar  on  Conductivity. 

It  is  well  known  that  non-electrolj'tes  added  to  a  salt  solution 
have  a  depressing  influence  on  the  conductivity  of  the  salt  solu- 


TABLE  IV. 
Comparison  between  lonometer  and  Kohlrausch  Conductivity  Determination.* 


Salt. 


lonometer  20°C. 


1 

NaCl 

equivalent  of 

conductivity. 


K20  X  W 


Kohlrausch  20°C. 


2 

NaCl 

equivalents  of 

conductivity. 


A'20  X  101 


Percentage 
difference. 


Potassium  iodide. 


gm.  per  100  cc. 

gm.  per  100  cc. 

gm.  per  100  cc. 

1.20 

0.530 

87.8 

0.531 

88.0 

+0.2 

1.28 

0.5G7 

93.6    ■ 

0.571 

94.3 

+0.7 

1.36 

0.605 

99.4 

0.599 

98.4 

-1.0 

1.44 

0.643 

105.2 

0.643 

105.2 

0.0 

1.52 

0.677 

110.5 

0.675 

110.1 

-0.3 

Ammonium  sulfate. 


0.68 
0.66 
0.76 


0.612 
0.643 
0.674 


100.5 
105.2 
110.0 


0.615 
0.648 
0.675 


101.0 
106.0 
110.1 


+0.5 
+0.8 
+0.1 


*  As  the  absolute  values  were  not  important  for  our  purpose  these  solu- 
tions were  not  prepared  as  carefully  as  the  NaCl  solutions  used  for  stand- 
ardization. 

TABLE  V. 

Comparison   of  Conductivity  Measurements   by  lonometer   and  Kohlrausch 

Methods  {Sera  of  Patients  and  Dogs) . 


Tonometer. 

Kohlrausch. 

Diagnosis. 

Percentage. 

Name. 

NaCl 
equivalent. 

A':oX  10' 

NaCl 
equivalent. 

K20  X  w 

difference. 

T.G 

Pneumonia. 

0.590 

97.1 

0.600 

98.7 

1.7 

S.S 

Diabetes. 

0.678 

110.6 

0.684 

111.5 

0.9 

Fr 

a 

0.624 

102.3 

0.636 

104.2 

1.9 

S.A 

Pneumonia. 

0.640 

104.8. 

0.651 

106.5 

1.7 

S.P 

Uremia. 

0.628 

102.9 

0.630 

103.2 

0.3 

Dog  A.*.. 

0.694 

113.1 

0.694 

113.1 

0 

0.707 

115.2 

0.718 

117.0 

1.6 

Dog  B.... 

0.713 

116.1 

0.718 

116.9 

0.7 

0.719 

117.0 

0.723 

117.8 

0.6 

Dog  C... 

0.734 

119.4 

0.732 

118.6 

0.3 

0.730 

118.8 

0.726 

118.2 

0.5 

Dog  D.... 

0.691 

112.6 

0.699 

114.0 

1.2 

0.687 

112.0 

0.693 

113.7 

0.9 

DogE.... 

0.691 

112.7 

0.702 

114.4 

1.6 

0.691 

112.7 

0.706 

115.0 

2.2 

Average 

0.681 

111.2 

0.687 

112.2 

1.1 

*Dog  serum  generally  has  a  higher  conductivity  (and  a  higher  chloride 
content)  than  human  serum. 
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■tion.  Other  investigators,  notably  Biigarszky  and  Tangl  (4) 
and  more  recently,  Palmer,  Atchley,  and  Loeb  (5, 6)  have  measm'ed 
the  depressing  influence  of  protein. 

The  influence  of  the  most  important  non-electrolytes  other 
than  protein  (glucose  and  urea)  on  serum  conductivity  can  be 
dismissed  as  negligible  since  the  depression  is  insignificant  in 
concentrations  which  would  correspond  to  a  diabetes  with  0.500 
per  cent  blood  sugar  and  to  a  uremia  with  0.420  per  cent  blood 
urea.    This  is  shown  in  Table  VI. 

In  order  to  determine  whether  the  protein  depressive  effect  was 
the  same  with  both  methods,  we  compared  the  conductivity 
values  of  pure  salt  solution  and  of  solutions  cojitaining  the  same 
salt  concentration  plus  protein  at  a  hydrogen  ion  concentration 
of  pH  7.4.     The  protein  content  was  determined  by  the  refracto- 

TABLE  VI. 

Influence   of  Non-Protein  Non-Electrolytes   on   Conductivity    (lonometer). 


Solution  used. 


0.680  per  cent  NaCl 

0.680    "      "  "     +  0.400  per  cent  urea.  .  . 

0.680    "      "         "     +  0.400     "      "     glucose. 


NaCl 
equivalent  of 
conductivity. 


0.681 
0.681 
0.678 


metric  method,  using  an  Abbe  refractometer  and  Reiss  values.  The 
i-eadings  were  corrected  to  the  true  index  of  redistilled  w^ater  at 
17.5°C.  The  correction  equalled  +  0.0032.  The  mean  error  of 
the  method  used  was  0.1  per  cent  protein.  The  influence  of 
urea  and  sugar  up  to  the  maximmn  concentration  that  can  be 
expected  in  serimi  on  the  refractive  index  is  not  important,  as  will 
be  seen  from  Table  VII. 

Two  sources  of  protein  were  used  in  these  experiments :  dialyzed 
blood  albumin  and  dialyzed  human  sermn  protein.  Both  were 
adjusted  to  pH  7.4.  As  will  be  seen  in  Table  VIII  the  depression 
averages  about  2.2  per  cent  of  the  total  conductivity  found 
per  1  per  cent  protein  for  both  methods.  This  compares  reason- 
ably well  with  the  value  of  2.5  per  cent  found  by  Bugarszky  and 
Tangl.  This  value  was  calculated  from  the  conductivity  values 
as  follows: 
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(Cs  +  c,,  -  cj 


100 


where     C    =  conductivity  of  salt  solution. 

Cp  =  conductivity  of  protein  solution. 
Cm  =  conductivity  of  mixture. 
P    =  protein  in  per  cent  in  mixture. 

d     =  per  cent  depression  of  total   conductivity  per  1   per  cent 
protein. 

TABLE  VII. 

Influence  of  Non-Protein  Non-Electrolytes  on  Refractive  Index  of  Serum. 


Experi- 
ment 

No. 

Solution. 

Refractive 
index. 

Remarks. 

1 

Distilled  water 

1.32977 

This  corresponds  to  a  change  from 

Glucose,    0.200    per 

0.100  to  0.300  per  cent  in  the 

cent 

1.33012 

blood.     The  difference  in  refrac- 

tive index  is  0.00035  or  less  than 

0.2  per  cent  protein. 

Distilled  water 

1.32977 

The  difference  from  water  in  re- 

Urea, 0.300  per  cent 

1.33009 

fractive  index  is  0.00032  or  less 
than  0.2  per  cent  protein. 

2 

Distilled  water 

1.32956 

Difference     in     refractive     index 

Acetone,  1  per  cent. . 

1.33005 

0.00049  or  less  than  0.2  per  cent 
protein. 

It  is  assumed  here  that  the  correct  total  concentration  equals  the 
sum  of  the  conductivity  of  the  salt  solution  and  of  the  protein 
solution.  The  depression  effect  of  the  protein  in  the  term  Cp 
itself  is  for  simplicity  neglected. 

The  true  conductivit}^  of  the  solution  may  be  expressed  as  was 
pointed  out  by  Bugarszky  and  Tangl 


C„  =  C„ 


100 


100  -  {d  XP) 


where     P  =  per  cent  protein. 

Cc  =  corrected  conductivity. 

Co  =  observed  conductivity. 

d  =  the  per  cent  depression  per  1  per  cent  protein. 

The  equation  of  Bugarszky  and  Tangl  was  based  on  the  assump- 
tion that  the  depression  was  a  function  of  the  total  conductivity 
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of  the  solution  (without  protein)  as  well  as  of  the  protein  con- 
centration. The  fact  that  the  values  for  conductivit}-  in  the 
above  experiment  as  well  as  those  of  Palmer,  Atchley,  and  Loeb  are 
a  linear  function  of  one  protein  concentration  does  not  indicate 
whether  the  depression  is  a  function  also  of  the  electrolyte 
concentration  or  whether  there  is  a  definite  absolute  decrease  in 

TABLE  IX. 
To  Show  Accuracy  of  Protein  Correction  Factor  at  Various  Concentrations  of 

Protein. 


Co 

Actual 

Cc. 

Corrected 

NaCl 
equivalent 
of  conduc- 
tivity. 

Cc 

Experi- 
ment 
No. 

Solution  used. 

p 

Protein. 

Observed 
NaCl 

equivalent 
of  conduc- 
tivity. 

Expected 

NaCl 

equivalent 

of 

mixture. 

Differ- 
ence. 

per  cent 

la 

Serum. 

8.2 

0.647 

0.789 

NaCl  solution. 

0 

0.772 

0.772 

Serum  +  equal  volume 

NaCl  solution. 

4.1 

0.711 

0.781 

0.781 

0.00 

lb 

Serum  +  equal  volume 

distilled  water. 

4.1 

0.359 

0.395 

0.394 

-1-0.001 

2a 

Serum.* 

8.2 

0.640 

0.780 

NaCl  solution. 

0 

0.790 

0.790 

Serum  +  equal  volume 

NaCl  solution. 

4.1 

0.712 

0.782 

0.785 

-0.003 

2b 

Serum  +  equal  volume 

distilled  water. 

4.1 

0.352 

0.387 

0.390 

-0.003 

*  Serums  1  and  2  were  from  different  subjects. 


conductivity  for  each  increment  of  protein,  independent  of  the 
electrolj^te  concentration.  The  first  assumption  leads  to  the 
equation, 


C,  = 


C„  X  100 


100 


id  XP) 
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and  the  second,  to  the  equation 

Cc  =  <^o  +  W  X  ^) 

The  results  of  Bugarszkj^  and  Tangl  indicate  that  the  first 
assumption  is  correct  and  its  correctness  is  verified  by  the  experi- 
ment recorded  in  Table  IX  where  concentrations  both  of  protein 

C    X  100 

and  salt  are  varied.     The  equation  Co  =   ,  ^^    — j-. ^^r  holds, 

100  —  {a  X  r) 

while  the  equation  based  on  the  second  assimiption  does  not. 

f  SUMMARY. 

1.  The  ionometric  method  of  Christiansen  for  measuring 
conductivity  of  electrolytes  ordinarily  agrees  with  the  Kohlrausch 
method  to  within  1  per  cent  and  with  a  maximum  difference  of 
2  per  cent. 

2.  Urea  or  glucose  in  the  highest  concentration  possible  in 
sermn  causes  negligible  depression  of  conductivity  and  negligible 
change  in  refractive  index. 

3.  The  depression  of  conductivity  due  to  protein  has  been  found 
to  be  the  same  with  the  ionometric  and  with  the  Kohlrausch 
method.  Our  average  value  of  2.2  per  cent  per  1  per  cent  protein 
agrees  with  the  values  reported  by  other  observers.  Sermn 
conductivity  values  should  be  corrected  to  a  protein-free  basis. 
The  refractometer  method  of  determining  the  protein  concen- 
tration is  adequate  for  this  purpose. 
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A  MICRO  METHOD  FOR  THE  DETERMINATION  OF  THE 
HYDROGEN  ION  CONCENTRATION  OF  WHOLE  BLOOD. 

By  JAMES  A.  HAWKINS. 

{Froin  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  July  20,  1923.) 

The  electrometric  and  colorimetric  methods  for  determining  the 
blood  reaction  in  use  at  present  require  such  quantities  of  blood 
that  they  are  not  applicable  for  use  with  small  lal^oratory  animals. 

The  method  described  below,  requiring  only  small  quantities 
of  blood,  is  a  slight  modification  of  the  method  recently  described 
by  CuUen.^ 

Experiment. 

.30  drops  of  a  0.03  per  cent  solution  of  phenol  red  are  added  to  50  cc.  of 
a  0.9  per  cent  solution  of  sodium  chloride  and  adjusted  to  pH  7.3.  5  cc. 
portions  of  this  solution  are  placed  in  tubes  with  a  diameter  of  16  mm.  and 
covered  with  paraffin  oil. 

The  blood  is  drawn  from  the  heart  or  a  vein  directly  into  a  1  cc.  pipette 
graduated  to  hundredths,  by  attaching  a  needle  with  a  short  rubber  tube 
to  the  pipette. 

The  needle  and  rubber  are  then  detached  and  0.25  cc.  of  the  blood  is  run 
under  the  oil  into  one  of  the  tubes  containing  the  saline  indicator  solution. 
The  blood  and  solution  are  thoroughly  mixed  by  stirring  carefully  with  a 
clean  glass  rod. 

The  tube  is  centrifuged  for  10  minutes,  completely  throwing  down  the 
red  corpuscles  and  is  then  placed  in  a  comparator  block  and  the  pH  deter-       lo  "^"'^^..1'' 
mined  by  matching  to  the  nearest  color  standard  and  applying  corrections       ■^•°' 
as  described  by  Cullen.     The  standard  color  tubes  are  16  mm.  in  diameter 
and  contain  5  cc.  of  Sorenson's  standard  phosphate  solutions  ranging  in 
steps  of  0.05  pH  from  pH  7.00  to  7.80. 

For  the  comparison  pH  determinations  were  made  simultaneously  on  the 
same  sample  of  blood,  using  both  the  above  modification  and  the  original 
method  as  described  by  Cullen.' 

I  Cullen,  G.  E.,  /.  Biol.  Chem.,  1922,  Hi,  501. 
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pH  of  Whole  Blood 


Comparison 

of  pH  Values  as 

Determined  by  the  Two  Methods. 

No. 

Whole  blood. 

Plasma. 

Deviation. 

Rabbits  (ar 

terial  blood). 

1 

7.29 

7.29 

0.00 

2 

7.29 

7.30 

-0.01 

3 

7.32 

7.34 

-0.02 

4 

7.42 

7.42 

0.00 

5 

7.29 

7.31 

-0.02 

6 

7.49 

7.48 

+0.01 

7 

7.32 

7.35 

-0.03 

S 

7.53 

7.53 

0.00 

9 

7.48 

7.50 

-0.02 

10 

7.48 

7.46 

+0.02 

11 

7.41 

7.41 

0.00 

12 

7.46 

7.47 

-0.01 

13 

7.42 

7.42 

0.00 

14 

7.43 

7.41 

+0.02 

15 

7.46 

7.43 

+0.03 

16 

7.45 

7.43 

+0.02 

17 

7.43 

7.41 

+0.02 

18 

7.26 

7.25 

+0.01 

19 

7.33 

7.32 

+0.01 

20 

7.30 

7.29 

+0.01 

21 

7.32 

7.33 

-0.01 

22 

7.33 

7.33 

0.00 

23 

7.31 

7.32 

-0.01 

24 

7.32 

7.33 

-0.01 

Rabbits  (venous  blood). 


1 

7.29 

7.30 

-0.01 

2 

7.33 

7.33 

0.00 

3 

7.34 

7.37 

-0.03 

4 

7.35 

7.37 

-0.02 

5 

7.32 

7.33 

-0.01 

6 

7.29 

7.30 

-0.01 

Guinea  pigs  (arterial  Ijlood). 

1 

7.42 

7.44 

-0.02 

2 

7.46 

7.46 

0.00       . 

3 

7.44 

7.44 

0.00 

4 

7.45 

7.48 

-0.03 

5 

7.40 

7.40 

0.00 

6 

7.36 

7.35 

+0.01 
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Comparison  of  pH  Values  as  Determined  by  the  Two  Methods — Concluded. 


No. 


Whole  blood. 


Plasma. 


Deviation. 


Guinea  pigs  (arterial  blood)— Concluded. 


Guinea  pigs  (venous  blood). 


1 

7.38 

7.39 

-0.01 

2 

7.32 

7.34 

-0.02 

3 

7.46 

7.44 

+0.02 

4 

7.49 

7.49 

0.00 

5 

7.32 

7.32 

0.00 

Human  (venous  blood). 


The  pH  as  determined  bj^  the  two  methods  agrees  in  most  cases? 
the  maximum  deviation  being  0.03  pH.  The  values  reported 
above  were  all  obtained  at  room  temperatures  between  20and24°C. 
The  values  of  the  rabbit  and  human  bloods  are  corrected  to 
electrometric  pHssS   i-e.,   pHss'    =    pHcoiorimetrio  20°  — C. 

This  method  can  be  used  in  studying  the  changes  of  reaction  in 
small  laboratorj^  animals  during  a  course  of  experiments  without 
affecting  the  animals  by  loss  of  blood.  In  adcjition,  the  total  CO2 
content  of  the  blood  may  also  be  determined,  using  0.2  cc.  of  the 
excess  blood  in  the  pipette,  by  Van  Slyke's  method.- 

SUMMARY. 

A  method  is  described  for  determining  the  reaction  and  the 
total  CO2  content  of  the  blood  using  0.6  cc.  of  the  whole  blood 
instead  of  plasma,  thus  rendering  it  possible  to  make  repeated 
observations  on  small  laboratorj^  animals. 


2  Van  Slyke,  D.  D.,  Proc.  Xat.  Acad.  Sc,  1921,  vii,  229. 


A  QUANTITATIVE  COLOR  REACTION   GIVEN  BY  ADREN  • 
ALIN  AND  URINE. 

By  HERMAN  FRIEND. 

{From  the  Metabolism  Department,  Vanderhilt  Clinic,*  College  of  Physicians 
and  Surgeons,  Columbia  University,  New  York,  and  the  Laboratory 
\^  of  Dr.  Herman  Friend,  New  York.) 

(Received  for  publication,  March  12,  1923.) 

The  assay  of  adrenalin  for  commercial  pm-poses  is  still  performed 
physiologically  and  there  appears  to  be  no  satisfactory  quantita- 
tive chemical  determination  for  the  substance  in  either  blood  or 
urine.  The  Folin,  Cannon,  and  Denis  (1)  assay  on  the  gland, 
based  on  the  property  of  adrenalin  to  give  a  blue  color  quantita- 
tively with  phosphotungstic  acid,  is  not  applicable  to  blood  or 
urine.  A  complement  fixation  test  has  been  appHed  by  Polito  and 
Covelli  (2)  for  the  diagnosis  of  hyjD  erf  unction  of  the  suprarenal 
glands,  in  which  an  alcoholic  extract  of  these  glands  is  used  as 
an  antigen.  The  results  were  not  conclusive.  Ehrmann  (3), 
Meltzer  and  Auer  (4),  Wessely  (5)  and  others,  found  that  when 
epinephrine  is  injected  subcutaneously  or  applied  to  a  frog's  eye 
dilation  of  the  pupil  is  produced.  Ehrmann  suggested  this  as  a 
test  in  blood,  but  he  overlooked  the  fact  that  in  blood  there  are 
other  substances  which  will  produce  the  same  reaction.  The 
Goetsch  test  (6),  a  purely  clinical  precedm'e,  in  use,  does  not  give 
consistent  results.^ 

The  color  reaction  here  described  depends  on  the  fact  that  epi- 
nephrine reacts  with  sulfanilic  nitrous  acids  in  the  presence  of  an 
alkali  (ammonia)  to  give  a  red  color.  The  phenols  present  in 
urine  and  which  cannot  be  removed  also  give  the  color.  This 
necessitates  the  running  of  two  determinations  simultaneously,  one 

*  Specimens  were  obtained  through  the  courtesy  of  Dr.  Herbert  J. 
Wiener. 

1  Upham,  R.,  and  Blaivas,  A.  J.,  Personal  communication  on  unpublished 
data. 
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with  the  addition  of  an  iron  suspension  to  destroy  the  adrenalin. 
The  phenols  arc  not  affected  by  the  iron.  The  amount  of  adrenalin, 
or  of  substance  reacting  like  adrenalin,  is  estimated  by  the  de- 
crease in  the  color  of  the  one  containing  the  iron. 

In  order  to  show  that  the  color  is  produced  quantitatively 
the  following  experiments  were  performed. 

Experiment  1. — A  solution  of  adrenalin  was  made  containing  1  mg.  per  cc, 
by  dissolving  the  base  in  a  2  per  cent  solution  of  hydrochloric  acid,  made 
from  freshly  distilled  water.  Varying  quantities  of  this  solution  were 
pipetted  into  10  cc.  volumetric  flasks;  exactly  5  cc.  of  the  sulfanilic  acid 
were  added,  followed  by  exactly  1  cc.  of  the  nitrite  solution;  water  was  then 
added  to  the  mark,  the  flasks  were  shaken  and  the  contents  transferred  to 

TABLE  I. 


Tube  No. 

Amount 
of  adrenalin 

Tube  1  used  as  standard 
and  set  at. 

Reading. 

cc. 

mm. 

mm. 

1 

0.0 

2 

0.1 

20.0 

18.0 

3 

0.2 

20.0 

16.0 

4 

0.3 

20.0 

14.0 

5 

0.4 

20.0 

12.0 

6 

0.5 

20.0 

10.0 

7 

0.6 

20.0 

7.9 

8 

0.7 

20.0 

6.0 

9 

1.0 

20.0  (No.     6    used     as 
standard.) 

10.0 

test-tubes.  3  cc.  of  ammonia  were  added.  The  tubes  were  quickly  stop- 
pered and  set  aside  for  15  minutes,  then  compared  in  a  colorimeter.  The 
results  are  given  in  Table  I. 

Ex-periment  2. — 1  and  2  cc.  of  the  same  solution  were  added  to  urine  as 
follows:  First,  98  cc.  of  urine  plus  2  cc.  of  distilled  water  were  carefully 
pipetted  into  a  300  cc.  Erlenmeyer  flask.  To  a  second  flask,  98  cc.  of  the 
same  sample  plus  1  cc.  of  the  adrenalin  solution  and  1  cc.  of  water  were 
pipetted;  and  to  a  third,  98  cc.  of  the  same  urine  plus  2  cc.  of  adrenalin  solu- 
tion. To  each  were  added  .50  cc.  of  water  (to  conform  with  the  test); 
next,  20  cc.  of  the  sulfanilic  acid,  then  5  cc.  of  the  nitrite  solution  were 
added,  followed  by  10  cc.  of  ammonia.  Flasks  were  quickly  stoppered, 
shaken,  and  compared  after  standing  for  15  minutes.  The  results  are 
given  in  Table  II. 

Experiment  3. — The  precipitating  reagents  were  tested  for  the  purpose  of 
making  certain  of  the  recovery  of  the  added  adrenalin  after  treatment  with 
them,  and  also  of  its  destruction  by  the  iron  suspension.     First,  297  cc.  of 
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urine  to  which  3  cc.  of  distilled  water  had  been  added  were  treated  as  out- 
lined in  the  method.  To  another  297  cc.  of  the  same  specimen  3  cc.  of 
the  adrenalin  solution  were  added  and  similarly  treated.  The  results 
are  given  in  Table  III. 


TABLE  II. 


Urine  used  as 

1  mg.  adrenalin  added  to  urine. 

2  mg.  adrenalin  added  to  urine. 

standard  set  at. 

Reading. 

Adrenalin 
recovered. 

Reading. 

Adrenalin 
recovered. 

mm. 

20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 

mm. 

15.0 
15.0 
15.0 
15.1 
15.0 
15.2 
15.0 
15.0 

mg. 

1.0 

1.0 

1.0 

0.98 

1.0 

0.96 

1.0 

1.0 

mm. 

10.0 
10.0 
10.0 
10.0 
10.1 
10.0 
10.1 
10.0 

mg. 

2.0 

2.0 

2.0 

2.0 

1.98 

2.0 

1.98 

2.0 

TABLE  III. 


*  Adrenalin  destroyed. 

t  Reading  of  adrenalin  and  phenol. 


Adrenalin  content  of  urines  used. 

Same  urines  i 

with  1  mg.  adrenalin  added. 

Specimen 
No. 

Flask  A 
set  at.* 

Reading  of 
Flask  B.t 

Amount  of 
adrenalin 
present. 

Flask  A 
set  at.* 

Reading  of 
Flask  B.t 

Amount  of 
adrenalin 
present  + 

recovered. 

mm. 

mm. 

mg. 

mm. 

mm. 

mg. 

1 

20.0 

18.0 

0.40 

20.0 

13.1 

1.38 

2 

20.0 

18.1 

0.38 

20.0 

13.2 

36 

3 

20.0 

19.0 

0.20 

20.0 

14.0 

20 

4 

20.0 

17.2 

0.56 

20.0 

12.2 

56 

5 

20.0 

17.5 

0.50 

20.0 

12.5 

50 

6 

20.0 

15.0 

1.00 

20.0 

10.1 

98 

7 

20.0 

18.0 

0.40 

20.0 

13.0 

40 

8 

20.0 

17.2 

0.56 

20.0 

12.2 

56 

9 

20.0 

19.0 

0.20 

20.0 

14.2 

16 

10 

20.0 

14.9 

1.02 

20.0 

9.9 

2 

02 

Method  for  Urine. 

Reagents. — The  following  reagents  are  used: 
Lead  acetate,  25  per  cent  solution;  U.  S.  P.  grade  may  be  used  in 
making  this  solution;  it  should  be  filtered. 
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Ammoniuni  fudfate,  15  per  cent  solution;  the  crystals  used  must 
be  c.  P.  and  free  from  iron  (0.0002  per  cent).  Merck's  quality 
was  found  to  be  suitable  for  this  purpose. 

Iron  suspension.  This  is  made  by  dissolving  0.025  gm.  of 
ferric  chloride  in  water  and  making  up  to  1  liter.  This  must  be 
standardized  by  adding  20  cc.  of  it  to  water,  then  adding  the 
color-producing  reagents  and  making  up  to  180  cc.  Upon  compari- 
son against  a  blank  of  color-producing  reagents  only,  it  should 


CapiUajy  opening 


Fig.  1. 

not  give  any  color.  Slight  dilution,  however,  will  overcome  a 
possibility. 

Sulfanilic  acid.  4.0  gm.  of  sulfanilic  acid  crystals  are  mixed 
with  90  cc.  of  37  per  cent  hydrochloric  acid,  sp.  gr.  1.19,  in  a  liter 
flask  and  distilled  water  is  added  to  the  mark.  Allow^  to  stand; 
shake  occasionally.     The  solid  dissolves  slowly  but  completely. 

Sodium  nitrite,  a  1  per  cent  solution. 

Ammonium  hydroxide,  28  per  cent. 
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Apparatus.  The  only  special  apparatus  (Fig.  1)  is  a  300  cc. 
Erlenmeyer  flask  fitted  with  a  capillary  opening, pinch-cock  arrange- 
ment, and  a  Centigrade  thermometer.  Another  300  cc.  rubber 
stoppered  Erlenmeyer  flask  is  also  used.  Marking  pencils  are 
not  to  be  used  to  pronounce  obliterated  thermometer  markings. 
A  rubber  band  or  dental  floss  answers  this  purpose. 

Technique. — To  300  cc.  of  urine  in  a  precipitating  flask  add  37.5 
cc.  of  the  lead  acetate  solution  and  37.5  cc.  of  the  ammonium 
sulfate;  stir  with  a  glass  rod,  and  let  stand  for  15  minutes.  The 
precipitate  settles  quickly.  Decant  the  supernatant  fluid  through 
any  good  quality  filter  paper.  Centrifuge  may  be  employed. 
Filtrate  must  be  free  of  anj^  sediment.  Two  exactly  125  cc. 
quantities  of  the  filtrate  are  transferred  to  Flasks  A  and  B.  To 
Flask  A  add  20  cc.  of  the  iron  suspension  after  shaking  the  latter; 
note  temperatm-e  and  heat  slowly  over  a  low  flame,  rotating  flask 
until  50°C.  is  reached.  Cool  under  the  tap  to  the  observed  temper- 
ature and  clamp  the  capillary  tube.  (Add  reagents  immediately 
to  both  flasks  after  cooling.)  To  Flask  B  add  20  cc.  of  distilled 
water.  To  each  add  exactly  20  cc.  of  sulfanilic  acid,  exactly 
5  cc.  of  sodium  nitrite,  and  10  cc.  of  ammonia;  shake;  let  stand 
for  15  minutes.  Compare  one  with  the  other  in  either  a  Duboscq 
or  a  Kober  colorimeter.  Explanation  of  the  readings  can  be 
shown  best  bj^  the  following. 

A  standard  phenol  solution-  was  made — 1  cc.  equivalent  to 
1.567  mg.  of  pure  phenol.  25.55  cc.  quantities  of  this  solution 
equal  to  40.036  mg.  of  phenol  were  added  to  various  Erlenmeyer 
flasks.  To  these  were  also  added  0.5,  1.0,  1.5,  and  2.0  cc.  quanti- 
ties of  a  freshly  prepared  0.1  per  cent  adrenalin  solution.  They 
were  in  turn  then  treated  as  per  the  above  method  and  made  up 
to  180  cc.     The  means  of  several  readings  were: 

0.5  cc.  of  0.1  per  cent  adrenalin  2. ,5  mm.  more  dense  than  phenol  .solution. 
1.0  "    "  0.1   "       "  "  5.0    "        "         "         "  "  " 

1.5  "    "  0.1    "       "  "  7.5    "        "         "         "  "  " 

2.0  "    "  0.1   "       "  "         10.0    "        "         "         "      •    "  " 

-  Standardization  of  phenol.  A  phenol  solution  was  prepared  in  0.1  n 
hydrochloric  acid  which  contained  approximately  1  mg.  of  crj^stallized 
phenol  per  1  cc.  I  transferred  25  cc.  of  this  solution  to  a  250  cc.  flask,  added 
50  cc.  of  0.1  N  sodium  hydro.xide,  heated  to  65°C.,  added  25  cc.  of  0.1  n 
iodine  solution,  stoppered  flask,  and  let  stand  for  30  minutes  at  room  tem- 
perature. I  then  added  5  cc.  of  concentrated  hydrochloric  acid  and  titrated 
the  excess  of  iodine  with  0.1  n  thiosulfate  solution.  Each  cubic  centimeter 
of  0.1  N  iodine  solution  corresponds  to  1.567  mg.  of  phenol. 


502 


Color  Reaction  of  Adrenalin  and  Urine 


•paAjasqo  joioo 
0}    t)U3H!Ainbo    otiun 

g     <N    O   <M 

t^     Tf( 

-J    o 

(N    00 

c 
c 

i-H    O    O     C    »-<   I>   05 

•   o     •     •     ■ 

O    (N 

•00  001  •'3<1    uiicuojpY 

^•d  —i  d 

d  d 

°^ 

d  d 

^ 

O     rH     1-1    ^    1-1    O    O 

--I  d 

i 

•a  ^sBij 

O  05  o 

"3  o 

o  o 

OS  o 

o 

fO    O   O    O   lO    O    iC 

9  o 

0>   "^    Oi 

d  00 

00  d 

t^  t^ 

d 

d  >o  lo  d  -^  d  »c 

lo  d 

1— 1       ,-i       T-( 

.-1  rt 

—1  c^ 

I— 1     >-H 

(N 

,-1     rt     rH     (M     r-t     «     -^ 

.-1  1-1 

g 

•V  ^s^lK 

o  o  o 

o  o 

o  o 

o  c> 

O 

O  O  O  O  O  o  o 

o  o 

d  d>  d 

d  d 

d  d 

d  d 

d 

d  <6  d  <6  <6  di  d) 

d  d 

C<t    Oi    Oi 

(M    <M 

(M    C^> 

(M    (M 

C^l 

CM    C^J    OJ    (N    (M    IM    (M 

(M    (M 

.    ■+:J 

^ 

d 

6 

C      C 

aj    C               « 

•S.JOpuBI^X 

3 

u.      c                       •- 

^ 

H 

^ 

Hi 

^  £       ^ 

bO 

a 

CD 

c         6 

o 

d 

«^  ^         «    «^ 

,-aonBjgipoai 

"     O     cS   O 

5^  o 

o  o 

o  t^ 

C5 

«   ■*    rt    uo     o 
O    c;                    •    rt  3 

3      O 

s.:>oip8aag 

2  d 

d 

t.    (M    CO    O     - 

d 

c 

2  + 

3 

COO 

o  o 

o  o 

O     rt 

"^ 

O    C    O    O    O    O    O 

-  + 

< 

H 

+  + 

> 

fci) 

fci 

H^ 

g 

1?    .• 

"rt 

"S  -5  ^• 

5 

"c 

"c    t-"  ^ 

m  -5 

s 

^    - 

:: 

J  (^  ^  3   3   3   2 

3  3 

< 

a 

o 
^  ■*  •* 

^    (M    (M 

r1  ^ 

^     '^t^ 

'^ 

T-   >        ^        ^        ^        ^        ^        ^ 

'w'   f=;    (M    (M    (M    (N    (N 

■*   rf< 

E-i 

cc 

CJ    (M 

IM 

(N    CM 

'oT 

CO 

-5" 

'e" 

^-^ 

rt  - 

rt  - 

:; 

^ 

o 

^ 

m 

« 

o 

to 

.5 

& 

O 
> 

^ 

O 

^ 

^— ' 

"— ' 

2 

a 

tc 

c 

^ 

cc 

tc 

o 

eS 

o 

o 

^ 

^ 

.1^ 

> 

Q 

^ 

-►^  - 

3 

"« 

o 

^ 

^ 

^ 

OJ 

i^      C 

rt 

> 

s 

g  s 

^•^-^ 

^•^-^ 

m 

1  s 

t-    «          t- 

.^ 

^_J 

« 

3    ^            3 

-*-* 

rt 

W'    ,^_J 

cc    <U           cc 

A  - 

2      3 

«  3 
c3 

"S  ^  - 

C    d 

" 

o 

<u  .-. 

— 1^  Q          —1 

o 

^ 

5 

P5  Q 

1^ 

^=  ^ 

-      - 

fe§ 

P^  - 

% 

f=;  §  3  p:;  -  2  ^ 

3  3 

.£ 

f^"  p4  s 

d  K 

^i^; 

^.% 

^ 

m  a  El  ^  w  p^'  N 

ffl^! 

s 

K  »-;  fe 

<!i  ^ 

«§ 

%< 

§■  ffi  HH-  w  p^  d  h"  w 

:/i§ 

H.  Friend 


503 


oooooooooo 


O     C   r-^    O   O   (M   (M 
°l 


_    rH    .-H    O    O    O    O 


o 

t^ 

CO 

00 

o 

CO 

t^ 

O 

o 

o 

00 

o 

lO 

o 

o 

o 

o 

O 

o 

C5 

o 

Ci 

o 

C5 

o 

CD 

00 

I^ 

00 

«D 

o 

■* 

1— I 

C3 

T— 1 

1— 1 

>— 1 

I> 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

g 

s 

o 

o 

o 

§ 

s 

g 

B 

§ 

o 

o 

g 

o 

o 

o 

o 

o 

tn  tn  fc<  Sh  Sh  t< 

H       H       H  H        H       H 


::     O  O    rt 


H  +  + 


.  O    e3  O   O 


+ 
+ 


+ 
+ 
+ 

+ 


^       C     fc-  , 


C  -4 


C^   O    (M    (M    05    (N    (M 


^6 


o 

■1^ 

•TJ 

c 

u 

u 

t! 

K*i 

C 

c 

-fj 

' 

CJ 

o  .- 

o  - 

^H 

c: 

tl  - 

t-  ~- 

ej 

c 

. 

r^ 

^ 

^ 

<U 

3 

c 

•5  ^-  =^ 

'C    ^         rt 

o 

« 

^ 

r* 

o 

.  ,^    rt         .r:; 

a: 

ointes 
ninuri 
isthcn 

noma 

noma 

ninuri 

itis. 

xsthen 

-a- 

"" 

" 

■5  3  i: 

3       O       ^       —       '^ 

a;  j:  ^  ts  s 

>> 

rt  :=:   « 

c    rt  :::    tH    OJ 

^ 

^ 

o  <  a; 

plh  o  <  <j  iz; 

-      fa-      -      Sfa-      §-      -      Eh""      §-      fa-      ^fa 


R  ^*  ^  ^  H  ^  ^.  fe  H  Q  f=]  «  fq  1^!  ^  W  a:  ^.  fcii 


THE  JOCRN.VL  OP  BIOLOGICAL  CHEMISTRY,  VOL,   LVII,  NO.  2 


504       Color  Reaction  of  Adrenalin  and  Urine 

Calculation. — 125  cc.  of  the  filtrate  arc  equivalent  to  100  cc.  of 
the  original  urine.  Compaiison  is  best  made  by  setting  the  con- 
tents of  Flask  A  at  20.0  mm.  antl  comparing  those  of  Flask  B  to  it. 
Since  1  mg.  of  adrenalin  gives  a  reading  of  5  mm.,  it  follows  that 
the  reading  multiplied  by  0.2  gives  the  amount  present. 

For  oxainple:  Reading  is  2.0  mm.  difference,  2.0  X  0.2  =  0.4  mg.  per  100 
cc.  urine. 

DISCUSSION. 

No  explanation  can  be  offered  at  this  time  for  the  use  of  the  lead 
acetate  as  there  are  no  available  data  specifying  the  urinary  con- 
stituents precipitated  by  it.  In  some  cases,  however,  higher 
results  were  obtained  where  it  was  omitted.  It  is  necessary  at  this 
point  to  remove  all  the  lead,  which  is  accomplished  b}^  the  use  of  the 
ammonium  sulfate.  In  regard  to  the  destruction  of  the  epineph- 
rine, all  the  oxidizing  agents  were  found  to  be  objectionable,  but 
iron  lends  itself  admirably  w'ell  to  meet  this  end,  since  slight  traces 
are  absolutely  destructive  to  the  base  and  the  amount  used  does 
not  add  to  or  interfere  with  the  color  produced. 

Careful  tests  were  conducted  on  the  other  urine  constituents, 
organic,  inorganic,  and  pathological,  to  establish  definitely  that 
they  do  not  give  a  reaction  with  these  reagents.  The  tests  were 
conducted,  both  in  test-tubes  and  by  the  addition  of  each  one 
separately  to  urine.  Acetone  and  some  of  the  amino-acids  and 
phenols,  as  already  shown,  were  the  only  ones  found  to  give  this 
red  color.  These  have  no  bearing  on  the  determination,  however, 
since  none  is  affected  by  either  the  iron  suspension  or  the  heat  as 
found  bj'-  exhaustive  experimentation.  These  experiments  were 
quantitative  in  nature,  carried  out  as  per  test. 

A  point  of  possible  significance  in  Table  IV  is  the  frequent 
coincidence  of  relatively  high  adrenalin  color  reactions  and  slight 
Benedict  sugar  tests  in  non-diabetic  urine.  Adrenalin  reduces 
Benedict's,  Fehling's,  and  Nylander's  solutions.  It  seems  possible 
that  slight  reductions  occasionally  observed  in  glucose-free  urines 
may  be  due  to  adrenalin  present.  It  may  also  be  mentioned  here 
that  when  adrenalin  is  treated  with  a  saturated  solution  of  picric 
.  acid  and  sodium  carbonate,  then  heated  as  per  the  Lewis  and  Bene- 
dict (7)  blood  sugar  determination,  the  .same  red  color  typical  of 
sugar  is  produced. 
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A  few  cases,  taken  from  some  250,  are  presented  in  Table  IV  to 
give  some  idea  of  the  amount  of  substance  giving  the  adrenahn 
color  reaction  present  in  normal  urine  and  in  some  pathological 
conditions.  The  greater  number  of  these  specimens  were  24  hour 
collections. 

Normal  urines  were  found  to  give  a  usual  reaction  equivalent  to 
0.2  to  0.4  mg.  per  100  cc. 

The. diagnoses  of  the  cases  cited  were  not  made  b}^  the  writer. 

COXCLUSION. 

The  color  reaction  given  by  pure  solutions  of  adrenalin  with 
sulfanilic  and  nitrous  acids  is  quantitatively  proportional  to  the 
adrenalin  concentration. 

After  treatment  with  ferric  chloride,  adrenalin  no  longer  gives 
this  reaction.  None  of  the  urinary  constituents  tested  has  given  a 
positive  reaction  before  ferric  chloride  treatment  and  a  negative 
reaction  after  it.  It  appears  possible  that  the  urinary  constitu- 
ent giving  the  color  before,  but  not  after,  the  ferric  chloride  treat- 
ment is  adrenalin. 

Determinations  have  been  made  of  this  constituent  in  a  number 
of  normal  and  pathological  urines. 

I  wish  to  thank  Parke,  Davis  and  Co.,  New  York,  who  very 
generously  supplied  all  the  adrenalin  used  in  this  work. 
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NITROGEN  DISTRIBUTION  IN  GLOBIN. 

By  ANDREW  HUNTER  and  HENRY  BORSOOK. 

(From  the  Department  of  Biochemistry,  University  of  Toronto, 
Toronto,   Canada.) 

(Received  for  publication,  July  2,  1923.) 

In  endeavoring  to  isolate  any  single  component  from  a  naturally 
occurring  mixture  of  proteins,  one  is  almost  certain  to  be  embar- 
rassed by  the  lack  of  some  safe  yet  convenient  criterion  which 
shall  guarantee  the  completeness  of  the  separation.  The  writers 
lately  experienced  this  difficulty  in  attempting  to  obtain  prepa- 
rations of  giobin  which  should  be  demonstrably  uncontaminated 
by  the  other  proteins  of  the  blood.  They  had  barely  encountered 
the  problem  when  its  solution  seemed  to  be  offered.  Flirth  and 
Lieben  (1)  reported  in  1920  the  entire  absence  of  the  trj'^ptophane 
radicle  from  the  molecule  of  hemoglobin.  Here  appeared  to  be 
the  desired  criterion.  The  other  blood  proteins  are  known  to  be 
fairly  rich  in  tryptophane,  so  that  the  problem  apparently  resolved 
itself  into  one  of  purifying  hemoglobin,  or  its  giobin  component, 
until  it  gave  a  negative  gtyoxjdic  reaction. 

We  have  already  reported  elsewhere  the  failure  of  the  expecta- 
tions thus  raised  (2).  It  has  been  found  that  not  even  five  recrys- 
tallizations  of  hemoglobin  made  any  appreciable  difference  in 
the  intensity  of  the  glyoxjdic  reaction  as  given  either  by  the  pig- 
ment itself  or  by  the  giobin  prepared  from  it.  Not  only  is  this 
so,  but  the  method  of  tryptophane  estimation  based  by  Flirth  and 
Nobel  (3)  upon  the  Voisenet  reaction — the  very  method  the  use 
of  which  had  led  Fiirth  and  Lieben  to  conclude  that  hemoglobin 
is  free  from  tryptophane — indicated  in  our  hands  the  presence 
in  giobin  of  2.6  per  cent  of  that  amino-acid.  This  proportion  was 
not  in  the  least  diminished  by  successive  purifications.  We  were 
forced  to  the  conclusion — quite  in  accord  with  earlier  belief 
(4,  5) — that  tryptophane  is  an  integral  part  of  the  giobin  molecule; 
and  could  only  suppose  that  Fiirth  and  Lieben  had  been  misled 
by  the  use  of  giobin  solutions  altogether  too  dilute  to  give  the 
Voisenet  reaction. 
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This  and  other  cxporiences  with  the  trypto):)hane  method  of 
Filrth  aiul  Nobel  led  us  to  doubt  seriously  the  reliability  of  quan- 
titative data  obtained  by  its  application.  When,  therefore,  just 
as  we  completed  our  work  with  it,  Folin  and  Looney  (G)  described 
another  and  api)arentl3^  better  method  of  detei-mination,  a  method 
based  upon  a  different  color  reaction  and  capable  moreover  of 
convenient  combination  with  a  quantitative  procedm-e  for  tyrosine, 
it  seemed  to  us  worth  while  to  review  the  probk^m  again.  With 
the  aid  of  this  newer  method  we  have  now  determined  the  trypto- 
phane and  tyrosine  content  of  two  series  of  globin  preparations, 
and  have,  we  believe,  settled  fairly  decisively  the  proportion  of 
these  amino-acids  jdelded  by  the  pure  protein.  We  have  also 
taken  occasion  to  determine  by  the  method  of  Van  Slyke  the 
general  distribution  of  nitrogen  in  the  globin  molecule. 

Meanwhile,  our  original  conclusion  has  been  independently  con- 
firmed in  Fiirth's  own  laboratory.  Kiyotaki  (7),  still  using  the 
method  of  Fiirth  and  Nobel,  but  observing  certain  precautions 
neglected  by  Fiirth  and  Lieben,  estimates  the  tryptophane  content 
of  globin  at  the  rather  high  figvu-e  of  3.6  per  cent.  He  has  also 
determined  the  tyrosine  content,  which  he  places  at  3.5  to  4  per 
cent.  Since  in  each  determination  his  result  as  well  as  his  method 
is  different  from  ours,  the  presentation  of  our  data  would  still 
seem  to  be  worth  while. 

Globin  Preparations. 

First  Series. — A  large  quantity  of  crystalline  oxyhemoglobin 
was  obtained  from  horse  blood  ])y  the  method  of  Zinoffsky  (8). 
The  preparation  was  recrystallized  four  times.  Of  each  of  the 
first  four  crops  of  crystals  a  portion  was  reserved.  From  each 
reserved  portion,  and  from  the  whole  of  the  fifth  and  final  crop, 
globin  was  separated  by  a  slight  modification  of  the  method  of 
Robertson  (9) .  Five  successive  specimens  of  globin,  of  presiunably 
increasing  piu'ity,  were  thus  obtained.  The  first  and  fourth  were 
somewhat  contaminated  with  hematin;  but  the  second,  third,  and 
fifth  were  nearly  colorless. 

Second  Series. — The  second  series  of  globin  preparations  differed 
from  the  first  in  two  respects.  The  original  solution  of  hemoglobin, 
obtained  from  the  laked  corpuscular  mass,  was  treated  with  alu- 
mina cream  according  to  the  method  of  Marshall  and  Welker  (10) ; 
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and  the  number  of  recrystallizations  was  reduced  to  two.  The 
series  included,  therefore,  only  three  specimens.  Of  these  the 
first  and  second  were  rather  pigmented;  the  third  was  practically 
white. 

The  nitrogen  content  of  the  giobin  preparations,  determined 
by  the  method  of  Kjeldahl,  varied  between  16.76  and  16.93  per 
cent.  The  average  found  was  16.86,  which  agrees  with  the 
value  16.89  reported  by  Schulz  (11).  The  variations,  such  as 
they  were,  were  quite  irregular,  and  in  themselves  gave  no  evi- 
dence of  increasing  purity  in  successive  fractions. 


Determinations  of  Tryptophane  and  Tyrosine. 

1  gm.  lots  of  the  eight  preparations  of  giobin,  each  of  which  had 
been  dried  for  48  hours  in  vacuo  over  sulfuric  acid,  were  hydrolyzed 
with  baryta,  and  assayed  for  tryptophane  and  tyrosine  by  the 
method  of  Folin  and  Looney  (6).  Each  determination  was 
carried  out  on  duplicate  samples  of  the  product  of  hydrolysis,  the 
volume  taken — 4  to  5  cc. — being  always  such  as  would  yield 
color  depths  approximately  equal  to  those  of  the  standards. 

The  results  are  reported  in  Table  I,  in  which  is  shown  also  for 
each  case  the  indicated  molecular  ratio  of  tyrosine  to  trj^ptophane. 

TABLE  I. 


Source  of  giobin. 


First  series. 


^First  crystallization 
Second  " 

Third 
Fourth 

I  Fifth 

f  First 
Second  series.  \  Second  " 

1  Third 


Dry  giobin. 

Trypto- 
phane. 

Tyro- 
sine. 

jer  cent 

per  cent 

1.93 

3.23 

1.99 

3.57 

2.51 

3.97 

2.49 

3.96 

2.48 

4.13 

2.56 

4.10 

2.61 

4.64 

2.62 

4.63 

Molecular  ratio 

Tyrosine 

Tryptophane' 


1.9 
2.0 

1.8 
1.8 
1.9 

1.8 
2.0 
2.0 


Discussion  of  the  Tryptophane  and  Tyrosine  Determinations. 

It  is  at  once  apparent  from  the  data  that  no  diminution  of 
tryptophane  content  is  effected  bj^  successive  attempts  at  purifica- 
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tion.  Whether  the  increase  observed  in  the  earher  sam]iles  of 
each  series,  and  the  higher  maximum  shown  by  the  second,  have 
a  real  significance  is  not  quite  certain.  The  differences  seem, 
especially  in  the  first  series,  to  be  rather  beyond  the  experimental 
error  of  the  method;  but  the  fact  that  they  are  paralleled  bj'  nearly 
proportional  changes  in  tyrosine  content  makes  them  difficult  to 
explain  by  simple  contamination  of  the  first  fractions  with  at  any 
rate  the  serum  proteins.  Serum  globulin  (ox)  contains,  according 
to  Folin  and  Looney,  6.7  per  cent  of  tyrosine  and  2.28  per  cent  of 
tryptophane.  A  highly  purified  specimen  of  serum  albumin 
(horse),  to  which  we  applied  Folin  and  Looney 's  procedure, 
yielded  values  of  4.63  per  cent  for  tyrosine  and  1.79  per  cent  for 
tr.vptophane.  The  gradual  removal  of  serum  proteins  would 
therefore  be  expected  to  raise  the  trj'ptophane  content  of  the 
preparations,  but  to  depress  their  tyrosine  content.  Actually 
the  proportion  of  each  amino-acid  is  seen  to  increase  regularly 
to  a  maximmn,  while  the  molecular  ratio  remains  nearly  con- 
stant. Possibly  an  admixture  of  stroma  proteins,  regarding  the 
composition  of  which  we  know  next  to  nothing,  may  be  respon- 
sible for  the  low  tyrosine  content  of  the  early  fractions. 

Taking  the  analytical  results  at  their  face  value,  it  would  seem 
that  to  obtain  a  globin  of  constant  composition  bj^  simple  recrys- 
tallization  of  oxyhemoglobin,  three  crystallizations  at  least  are 
necessary;  whereas,  when  a  preliminar}'^  treatment  with  alumina 
cream  is  employed,  two  will  suffice.  This  is  a  confirmation  of 
the  claims  made  (10)  for  the  efficacy  of  alumina  cream  in  purify- 
ing oxyhemoglobin  from  other  colloids. 

There  is,  it  must  be  admitted,  a  discrepancy  between  the  two 
series  in  respect  to  the  ultimate  values,  especially  for  tyrosine, 
to  which  they  rise.  "Wliile  we  cannot  at  present  offer  an  adequate 
explanation,  we  feel  that  the  second  series  deserves  the  greater 
confidence,  and  would  therefore  put  the .  tryptophane  yield  of 
pure  globin  at  2.61  per  cent  and  its  tyrosine  at  4.63.  This  would 
attribute  to  each  amino-acid  the  same  proportion — 2.12  per  cent 
— of  the  total  globin  nitrogen. 

At  these  values  we  get  a  molecular  ratio  of  trj^ptophane  to 
tyrosine  that  is  exacth'  1:2.  On  the  assumption  that  this  im- 
plies the  presence  in  the  globin  molecule  of  two  trj'ptophane  and 
four   tyrosine   radicles,    we   may   then   calculate   the   molecular 
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weight  of  globin  to  be  from  15,630  to  15,640.  This  agrees  sur- 
prisingly with  the  15,274  deduced  by  Osborne  from  the  sulfur 
content  (12). 

The  tryptophane  value  of  2.6  per  cent,  yielded  by  the  method 
of  Folin  and  Looney,  is  identical  with  that  which  we  formerly 
obtained  (2)  by  the  method  of  Fiirth  and  Nobel;  but  the  latter 
in  the  hands  of  Ki3^otaki  (7)  gave  much  higher  figures — from  3.1 
to  4.0,  with  an  average  of  3.6.  A  higher  value  by  the  Fiirth- 
Nobel  procedure  is  the  general  rule  (6),  and  it  maj^  be  that  the 
identity  of  our  two  results  is  the  chance  outcome  of  the  conditions 
under  which  the  earlier  determinations  were  made.  Kiyotaki 
shows,  what  our  own  experience  had  already  suggested,  that  the 
result  of  a  Fiirth-Nobel  determination  is  greatlj-  dependent  upon 
the  concentration  of  the  protein  analyzed.  We  suspect  that  it 
is  affected  by  still  other  factors.  We  have  observed,  for  instance, 
that  the  Fiirth-Nobel  procedure  gives  a  far  deeper  and  at  the 
same  time  redder  color  when  applied  to  glycyl-tryptophane  than 
when  applied  to  an  equivalent  quantity  of  free  trj'ptophane;^ 
and  that  the  few  instances  where  the  Folin-Looney  result  is  not 
decidedly  lower  than  the  other — casein  (6),  serum  albumin 
(1.8  per  cent  bj^  Folin  and  Looney,  1.4  b}^  Fiirth  and  Nobel  (7)), 
and  globin  (if  the  comparison  is  limited  to  our  own  determina- 
tions)— include  only  proteins  that  are  free  from  glycocoll.  These 
observations  are  too  limited  in  nmuber  to  be  decisive;  but  they 
certainly  suggest  that  the  Voisenet  color  reaction  is  affected,  both 
as  to  hue  and  as  to  intensity,  bj'  the  mode  of  combination  of 
tryptophane  in  the  protein  molecule.  This  suspicion  is  not 
calculated  to  increase  one's  confidence  in  anj^  method  of  which 
it  forms  the  basis. 

The  tyrosine  content  of  globin  was  determined  by  Kiyotaki 
in  two  waj's;  (1)  by  a  bromine  titration,  and  (2)  by  a  colorimetric 
application  of  the  diazo  reaction.  Neither  method  gave  very 
consistent  results,  the  percentage  found  varied  from  2.2  to  5.5. 
The  figure  3.5  to  4.0  ig  proposed  as  a  probable  approximation. 

From  his  data  Kiyotaki  calculates  that  if  globin  has  a  molec- 
ular weight  of  about  15,000,  it  should  contain  3  molecules-  each 

^Proteins  also  give  a  redder  color  than  pure  tryptophane,  a  fact  already 
commented  upon  by  Llischer  (Liischer,  E.,  Biochem.  J.,  1922,  xvi,  556), 
who  produces,  moreover,  fairl}'  conclusive  evidence  that  values  obtained 
by  the  Fiirth-Nobel  method  are  30  to  60  per  cent  too  high. 
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of  tyrosine  and  of  tryptophane.  We  feel  that  the  greater  con- 
sistency of  our  own  results,  together  with  the  pains  taken  to 
prove  the  purity  of  our  globin,  make  our  estimate  the  more 
probably  correct  one. 

General  Distribution  of  Nitrogen  in  Globin. 

The  preparation  of  globin  used  for  the  Van  Slyke  analysis 
had  been  obtained  from  oxyhemoglobin,  twice  crj^stallized  after 
treatment  with  alumina  cream.  It  had  a  light  brown  color,  and 
included,  therefore,  doubtless  a  trace  of  hematin.  Two  portions 
were  separately  Itydrolyzed  with  20  per  cent  hydrochloric  acid, 
the  one  (designated  A  in  Table  II)  by  heating  in  a  bath  of  boiling 
water  for  48  hours,  the  other  (B)  by  boiling  over  a  free  flame  for 
30  hours.  Table  II  shows  the  results  obtained  with  aliquot 
portions  of  each  hydrolysate.  The  original  analytical  data  have 
been  corrected  for  the  solubility  of  the  phosphotungstates  of 
the  bases.  No  correction  was  applied  for  cystine,  for  like  Van 
Slyke  in  his  analysis  of  hemoglobin  (13)  we  found,  even  in  the 
much  larger  quantities  with  which  we  were  dealing,  no  evidence 
of  the  presence  in  the  base  fraction  of  any  appreciable  quantity 
of  that  amino-acid;  the  solution  absorbed  only  a  trace  of  bromine 
in  the  method  of  Okuda  (14),  and  a  one-fifth  aliquot,  ignited 
with  the  reagent  of  Denis,  yielded  less  than  1  mg.  of  BaS04. 

TABLE  II. 
Distribution  of  Nitrogen  in  Globin. 


Calculated 
from 

analysis  of 
hemo- 
globin. 


Total  N  taken 

Ammonia 

Humin 

Arginine 

Histidine 

Lysine 

Total  bases 

"      filtrate 

Amino  N  of  filtrate 

Non-amino  N  of  filtrate 

Total  N  recovered 


Nitrogen. 

Percentage  of 
total  nitrogen. 

A 

B 

A 

B 

Aver- 
age. 

7re.7. 

mg. 

per  cent 

per  cent 

per  cent 

375.4 

457.0 

19.3 

25  6 

5.14 

5.60 

5.37 

7.0 

8.8 

1.86 

1.93 

1.90 

30.3 

36.4 

8.07 

7.97 

8.0 

47.1 

58.6 

12.55 

12.8 

12.7 

42.4 

49.5 

11.3 

10.8 

11.1 

119.9 

144.5 

31.9 

31.6 

31.8 

225.2 

277.0 

60.0 

60.6 

60.3 

213.8 

259.9 

57.0 

56.9 

57.0 

11.4 

17.1 

3.0 

3.7 

3.3 

371.4 

455.9 

99.0 

99.8 

99.4 

5.35 

1.5 

7.85 

13.0 

11.1 

32.0 

61.2 

58.2 

3.0 

(100.0) 
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Discussion  of  Nitrogen  Distribution. 

Considering  the  somewhat  diiTerent  conditions  of  hydrolysis 
under  which  the  two  anah'ses  were  conducted  the  agreement 
between  their  results  is  almost  surprisingly  good.  It  may  be 
added  that  two  other  analyses,  carried  through  upon  entirely 
different  preparations  of  globin,  gave  figures  differing  only  within 
the  recognized  limits  of  the  method  from  those  presented.  Our 
data  stand,  moreover,  in  excellent  accord  with  those  obtained 
by  Van  Slyke  (13)  in  an  anaU^sis  of  ox  hemoglobin.  This  is 
shown  by  the  figures  in  the  last  column  of  Table  II,  where  Van 
Slyke's  results  have  been  recalculated  for  globin  upon  the  as- 
sumptions that  hematin  accounts  for  2.1  per  cent  of  the  total 
nitrogen  of  hemoglobin,  and  that  all  this  appears  in  the  humin 
fraction. 

The  proportion  of  histidine  found  may  be  compared  with  the 
estimate  of  Hanke  and  Koessler  (15),  whose  colorimetric  method 
indicated  the  presence  in  horse  hemoglobin  of  8.8  per  cent  his- 
tidine, corresponding  to  13.8  per  cent  of  the  total  globin  nitrogen. 

It  is  perhaps  of  some  interest  to  attempt  from  the  analj'tical 
data  an  estimate  of  the  number  of  basic  radicles  in  the  globin 
molecule.  This  is  made  possible  by  the  knowledge  already 
gained  that  2.12  per  cent  of  the  total  nitrogen  corresponds  to 
four  monoamino-acid  (tyrosine)  radicles.  One  amino  group, 
therefore,  corresponds  to  0.53  per  cent  of  the  total  globin  nitrogen. 
Dividing  the  percentages  of  arginine,  histidine, and  lysine  nitro- 
gen b^'^  4,  3,  and  2,  respectively,  and  each  quotient  by  0.53,  w(; 
find  that  globin  3delds  3.8  molecules  of  arginine,  8.0  of  histidine, 
and  10.4  of  lysine;  or,  taking  the  integers  to  which  these  numbers 
approximate,  4,  8,  and  10  molecules  of  arginine,  histidine,  and 
lysine,  respectively.  The  exact  nitrogen  percentages  to  be  expected 
from  such  a  composition  (assuming  always  the  precise  correct- 
ness of  our  tj^rosine  determination)  are  8.48  for  arginine,  12.72 
for  histidine,  and  10.60  for  tysine. 

A  similar  calculation  based  upon  the  percentage  of  filtrate 
amino  Jiitrogen  indicates  the  presence  of  108  monoamino-acid 
radicles  in  globin. 

While  such  estimates  have  no  claim  to  precision,  they  probably 
approximate  pretty  closely  to  the  actual  composition  of  the 
protein.  In  the  case  of  the  bases  they  can  hardly  differ  by  more 
than  unitv  from  the  true  number. 
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SUMMARY. 

Analyticol  data  are  presented  which  suggest  that  the  globin 
molecule  yields  upon  hydrolysis  2  molecules  of  tryptophane,  4 
each  of  tyrosine  and  arginine,  8  of  histidine,  10  of  lysine,  and 
approximately  100  other  amino-acid  molecules,  including  dicar- 
boxylic-  acids. 
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The  relation  of  the  cystine  ehmination  to  the  general  catabolism 
of  the  other  amino-acids  in  cases  of  cystinuria  has  not  been  satis- 
factorily studied  because  of  the  absence  of  suitable  methods  for 
estimating  the  amounts  of  amino-acids  and  cystine  in  the  urine. 
The  distribution  of  sulfur,  with  particular  reference  to  the  connec- 
tion between  neutral  sulfur  and  cystine  sulfur  has  not  received 
due  consideration  for  the  same  reason. 

The  previous  workers  in  this  field,  notably  Alsberg  and  Folin,i  Wolf  and 
Shaffer,-  and  Williams  and  Wolf,^  have  reached  essentially  the  same  con- 
clusions; namely, 

1.  That  in  cases  of  cystinuria  there  is  an  increase  in  the  elimination  of 
neutral  sulfur  and  undetermined  nitrogen,  and  a  decrease  in  the  excretion  of 
ammonia. 

2.  That  the  absolute  value  of  the  cystine  excreted  depends  on  the  amount 
of  protein  absorbed  and  that  the  ratio  of  neutral  sulfur  to  total  sulfur  is 
relatively  greater  on  low  protein  intake  than  on  high  protein  intake. 

3.  The  catabolism  of  amino-acids  other  than  cystine  is  not  affected. 

4.  The  oxidation  of  the  sulfur  contained  in  cystine  is  practically  complete 
when  the  cystine  is  fed  as  the  free  amino-acid  and  this  sulfur  is  excreted  as 
inorganic  sulfate. 

5.  The  sulfur  in  the  food  is  not  absorbed  in  the  form  of  free  cystine,  as  the 
cystine  in  the  protein  molecule  is  not  utilized  unless  the  protein  is  pre- 
viously hydrolyzed. 

The  conclusions  of  these  authors  were  based  on  two  assumptions 
which  were  not  definitely  proved.  They  estimated  the  cystine 
from  the  excess  of  neutral  sulfur  remaining  after  deducting  the 

1  Alsberg,  C.,  and  Folin  O.,  Am.  J.  Physiol.,  1905,  xiv,  54. 

2  Wolf,  C.  G.  L.,  and  Shaffer,  P.  A.,  /.  Biol.  Chem.,  190S,  iv,  439. 

'  Williams,  H.  B.,  and  Wolf,  C.  G.  L.,  J.  Biol.  Chem.,  1909,  vi,  337. 
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amount  of  neutral  sulfur  found  in  tho  urino  of  normal  individuals. 
This  assumption  is  true  only  under  certain  conditions,  as  we  shall 
show  later.  The  workers  referred  to  re2;arded  changes  in  the 
undetermined  nitrogen  as  an  index  of  variations  in  the  amount  of 
amino-acids  in  the  urine. 

In  the  present  paper  we  make  usc^  of  several  new  methods 
recently  ]-)ublished  fi'om  this  laboratory.  The  cystine  is  estimated 
by  the  colorimetric  method  of  Looney,''  the  amino-acids  are  esti- 
mated by  the  method  of  Folin,^  and  the  distribution  of  sulfur  is 
determined  by  the  method  of  Fiske.^ 

The  starting  i)oint  for  this  investigation  was  the  finding  of 
cystine  on  the  analysis  of  a  renal  calculus  removed  in  an  operation 
at  the  surgical  clinic  of  the  Peter  Bent  Brigham  Hos]iital.  The 
patient,  F.  T.,  upon  whom  the  operation  was  performed  serves 
as  the  subject  for  most  of  the  investigation  carried  out  in  this  study 
and,  therefore,  a  fairly  complete  history  of  this  case  is  given  below. 
Two  of  the  remaining  four  cases  are  sisters  of  the  first  patient  and 
the  other  two  cases  are  her  sons.  These  cases  were  discovered 
thi'ough  an  analysis  of  the  urines  from  all  the  members  of  the  pa- 
tient's family.     The  clinical  histories  follow. 

Certain  clinical  aspects  of  this  case  have  alreadj^  been  presented 
in  a  recent  paper  by  Graves.'^ 

F.  T.  A  Russian  housewife,  age  26  years,  entered  the  hospital  complain- 
ing of  pain  in  the  right  side.  Her  family  history  was  unimportant.  A  year 
before  admission  there  had  been  sudden  attack  of  severe  pain  in  the  right 
upper  abdomen,  which  required  morphia  for  relief.  At  that  time  the  pa- 
tient complained  of  great  urgency  associated  with  inability  to  void  more 
than  a  few  drops  of  urine  at  a  time.  No  blood  was  seen  in  the  urine  and 
x-ray  plates  gave  no  evidence  of  calculi.  Physical  examinations  showed  an 
obese  young  woman  with  negative  findings,  except  for  slight  tenderness  in 
the  right  upper  quadrant.  The  urine  was  alkaline,  clear,  and  pale,  and 
contained  neither  albumin  nor  sugar.  Specific  gravity,  1,012.  A  few 
white  blood  cells  were  found  in  the  sediment.  No  crystals  were  observed. 
X-ray  plates  again  failed  to  reveal  the  presence  of  calculi.  A  pyelogram  on 
the  right  side,  however,  presented  in  the  region  of  the  main  collecting 
portion  of  the  pelvis  an  area  of  lessened  density.  At  operation  a  calculus 
was  removed  from  the  pelvis  of  the  right  kidney.     This  was  glistening, 

^Looney,  J.  M.,  J.  Biol.  Chem.,  1922,  liv,  171. 
*  Folin,  O.,  /.  Biol.  Chem.,  1922,  li,  393. 
« Fiske,  C.  H.,  J.  Biol.  Chem'.,  1921,  xlvii,  59. 
^  Graves,  R.  C,  Ann.  Surg.,  1922,  Ixxv,  481. 
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lemon-yellow  in  color,  and  on  analj-sis  was  found  to  be  composed  of  pure 
cystine.  (Analj'sis  by  Dr.  Cyrus  H.  Fiske,  Department  of  Biological 
Chemistry,  Harvard  Medical  School.) 

Sarah  (Case  7,  Table  VII),  sister  of  F.  T.,  weight  180  pounds.  Height 
4  feet,  10  inches.  This  patient  became  obese  following  her  first  pregnancy. 
She  feels  that  the  general  growth  of  the  child  and  the  development  of  his 
hair  and  teeth  have  been  rather  retarded.  The  patient  eats  very  heartih^, 
especially  of  meat,  fish,  potatoes,  and  bread.  Eggs  are  eaten  but  seldom. 
For  the  past  several  months  she  has  noted  that  urination  has  been  somewhat 
more  frequent  and  that  the  urine  has  had  a  very  strong  odor.  She  has  also 
had  infrequent  pains  in  the  lower  abdomen.  Microscopic  examination  of  a 
sterile  catheterized  specimen  of  urine  shows  numerous  colon  bacilli. 

Bertha  (Case  8,  Table  VII),  sister  of  F.  T.,  age  32,  weight  200  pounds, 
height  5  feet,  1  inch.  Early  health  and  development  were  normal.  She 
has  had  a  good  deal  of  trouble  with  her  teeth.  Her  appetite  is  good  and  the 
diet  includes  meat  once  daily.  Eggs  are  eaten  very  infrequently.  There 
has  been  no  record  of  any  urinary  tract. 

Barney  T.  (Case  9,  Table  VII),  age  8,  weight  86  pounds.  As  far  as  his 
parents  have  been  able  to  observe,  his  physical  development  has  been 
perfectly  normal.  There  have  never  been  any  symptoms  of  urinary  diffi- 
culty. He  has  a  voracious  appetite  and  is  especially  fond  of  bread  and 
meat.     Eggs  are  eaten  with  fair  frequency. 

Maurice  T.  (Case  5,  Table  VII,  age  6,  weight  45  pounds.  Plis  growth 
and  development  appearigd  to  be  normal.  His  teeth  have  shown  early  and 
rather  extreme  decaj'.  His  appetite  is  poor  and  he  eats  but  little  meat  and 
eggs. 

The  last  case  examined,  Mr.  S.,  is  the  same  patient  who  served 
as  the  subject  for  the  investigation  of  Alsberg  and  Fohn  17  years 
ago.  There  has  been  practically  no  change  in  the  condition  of 
this  patient  during  the  intervening  time  with  respect  to  his  cystine 
metabolism. 

In  order  to  determine  the  ratio  between  cystine  nitrogen  and 
amino-acid  nitrogen  in  the  urine  of  individuals  without  any 
disarrangement  in  cystine  metabolism,  eleven  samples  of  such 
urine  were  obtained.  Seven  of  these  were  from  nomial  individ- 
uals, the  other  four  were  pathological  specimens  as  noted  in  the 
table.  In  each  of  these  samples  the  cystine  content  was  deter- 
mined and  the  cystine  nitrogen  calculated.  The  total  amino- 
acid  nitrogen  was  also  determined  and  the  value  of  the  ratio 
cystine  nitrogen:  amino-acid  nitrogen  was  obtained.  The  same 
ratio  was  found  for  the  urines  from  three  cases  of  cystinuria. 
The  results  of  this  experiment  are  given  in  Table  I. 
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The  average  araino-acid  nitrogen  excretion  per  100  cc.  for  the 
control  urines  was  8.9  rag.  and  the  average  cystine  nitrogen  was 
0.62  mg.  The  ratio  of  cystine  nitrogen  over  amino-acid  nitrogen 
was  7.0  per  cent. 

For  the  cystinuria  cases  the  figures  per  100  cc.  of  urine  were: 
amino-acid  nitrogen  12.3  rag.,  cj-stine  nitrogen  3.4  mg.,  and  the 
corresponding  ratio  was  27.6  per  cent.     This  increase  in  the  ratio 

TABLE  I. 


Urine. 

Per  100  cc.  urine. 

Cystine  N 
Amino-acid  N' 

Amino- 
acid  N. 

Cys- 
tine. 

TOJ. 

Cys- 
tine N. 

Remarks. 

mg. 

mg. 

per  cent 

1 

10.5 

0 

0 

0 

2 

2.55 

4.0 

0.47 

18.4 

3 

8.9 

8.0 

0.93 

10.5 

4 

9.2 

1.5 

0.17 

1.8 

Pleuritis. 

5 

5.3 

2.5 

0.29 

5.5 

6 

9.1 

12.0 

1.40 

15.4 

Diabetes. 

7 

4.8 

7.0 

0.82 

17.1 

8 

14.3 

10.0 

1.2 

8.4 

Nephritis. 

9 

11.3 

9.0 

1.04 

9.2 

Orthostatic  albuminuria. 

10 

9.2 

1.85 

0.21 

2.3 

11 

12.5 

3.0 

0.35 

2.8 

Average  — 

8.9 

0.62 

7.0 

Cystinuria. 


I 

II 
III 


Average . 


6.9 
9.28 
20.0 

13.5 
27.0 
46.6 

1.57 
3.15 
5.43 

12.3 

3.4 

22.6 
34.0 
27.1 


27.6 


is  due  almost  entirety  to  an  increase  in  the  numerator  (the  cj^stine 
nitrogen  excretion),  as  can  be  seen  fromj  the  table. 

This  finding  is  in  agreement  with  the  conclusions  of  the  authors 
quoted  and  shows  definitely  that  cystinuria  patients  are  able  to 
catabolize  the  amino-acids  with  the  exception  of  cystine  as  well 
as  the  normal  individual.  This  conclusion  is  confirmed  by  the 
results  recorded  in  the  Tables  II  to  VI,  showing  the  effect  of  feed- 
ing a  diet  rich  in  cystine.  The  subjects  came  to  the  hospital 
fasting  and  were  given  a  breakfast  consisting  mainly  of  eggs. 
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Tables  II,  III,  and  IV  give  the  results  obtained  when  the  diet 
was  fed  to  cystinuric  patients  and  Tables  V  and  VI  give  the  results 
for  normal  controls.  In  Tables  II  and  IV  there  is  a  marked 
increase   in   the   total    cystine   excretion   with    a    corresponding 

TABLE  II. 

B.  T.  Age  7  years.    Weight  86  lbs. 


^ 

|2: 

15 

z 

-3 

Z 

o 

g 

S 

Remarks. 

a 

.*^ 

o 

o 

vs 

^a 

>: 

.E 

3 

>. 

>, 

s 

o 

;: 

H 

o 

o 

< 

< 

a.  m. 

my.  per  hr. 

mg.  per  hr. 

mj.  per  hr. 

per  cent 

7.3.5-  9.01 

5.8 

0.67 

7.3 

9.2 

9.01-11.03 

15,6 

1.82 

5.34 

34.0 

Breakfast;  3  eggs. 

11.03-  1.10 

10.8 

1.26 

4.86 

26.0 

p.  m. 

1.10-  2.05 

3.9 

0.45 

4.79 

9.4 

2.05-  3.07 

6.2 

0.72 

4.75 

15.2 

2 

k 

Z 

3 

a 

'3 

C3 

Remarks. 

2 

O 

a 

S 
< 

0.  m. 

mg.  per  hr. 

mg.  per  hr. 

mg.  per  hr. 

per  cent 

7.27-  8.54 

1.59 

0.185 

2.7 

6.8 

8.54-11.05 

3.15 

0.367 

3.3 

10.9 

Breakfast;  4  eggs. 

11.05-12.25 

2.97 

0.346 

3.1 

11.1 

p.  TO. 

12.25-  1.09 

2.33 

0.271 

2.9 

9.3 

1.09-  2.21 

2.80 

0.326 

3.5 

9.3 

2.21-  3.11 

2.10 

0.245 

3.6 

6.8 

increase  in  the  cystine  nitrogen:  amino-acid  nitrogen  ratio.  The 
case  represented  in  Table  III  is  not  quite  so  clear.  Here  the 
excretion  of  cystine  is  not  markedh'  increased  and  this  alone  would 
not  be  sufficient  to  class  the  patient  as  a  cystinuric,  but  there  is  a 
definite  increase  in  the   cystine  nitrogen:   amino-acid    nitrogen 
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TABLE  IV 

F.  T.  Age  26  years.    Weight  ISO  lbs. 


a.m. 

7.15-  8. 

8.38-10. 
10.00-12. 

p.  in. 

12.00-  2. 

2.00-  4. 


4.00-  6.00 


^' 

iz; 

■a 

y. 

-a 

Z 

o 

o 

rt 

c 

a 

fi 

a 

o 

o 

"43 

s 

>. 

« 

>. 

>, 

S 

O 

a 

O 

O 

< 

< 

mo  P'T. 
I.r. 

vifj.  vcr 
hr. 

m-i.  prr 
hr. 

yer  cpnt 

30.3 

3.5 

15.9 

22.0 

33.7 

3.9 

19.0 

20.0 

55.8 

6.5 

20.7 

31.4 

53.8 

6.25 

22.3 

28.0 

36.6 

4.25 

18.6 

22.8 

20.0 

2.4 

12.8 

18.7 

Remarks. 


Blood   I.  Sample   taken    at 

8.45  a.m. 
Breakfast;  6  eggs. 


Blood  II.  Sample  taken  at 
3.00  p.m. 


1 


TABLE  IV  a. 


Amino-acidN. 

Urea  N. 

Non-protein  N. 

Blood  I. 
Whole 

7.9 
6.0 

8.1 
6.4 

11.0 
11.0 

12.0 
12.0 

31.0 

Plasma 

Blood  II. 

Whole 

21.0 
32.0 

Plasma 

26.0 

TABLE  V. 


H.  B. 


iz 

k: 

-a 

^ 

-a 

^ 

CS 

(D 
C 

Remarks. 

^ 

^ 

o 

.tJ) 

o 

(U 

'S 

".3 

a 

G 

s 

>, 

>) 

g 

o 

£ 

H 

o 

O 

<5; 

< 

a.  m. 

mj.  per  hr. 

mj.  per  hr. 

mo-  ptr  hr. 

per  cent 

6.11-  9.18 

0.56 

0.065 

6.45 

1.0 

9.18-11.41 

1.84 

0.214 

8.10 

2.6 

Breakfast;  6  eggs. 

11.41-  1.02 

0.89 

0.104 

9.50 

1.1 

p.  m. 

1.02-  2.07 

0.82 

0.095 

9.25 

1.0 

I 
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ratio  so  that  we  feel  justified  in  stating  that  there  is  a  slight  dis- 
arrangement in  the  cystine  metabolism. 

In  the  two  normal  controls,  Tables  V  and  VI,  there  is  a  ver}^ 
slight  increase  in  the  cystine  output,  but  the  cystine  nitrogen: 
amino-acid  nitrogen  ratio  remains  unchanged  or  slightty  decreased. 
In  Table  IV,  the  results  for  the  patient,  F.  T.,  show  that  the 
excretion  of  cystine  is  about  ten  times  as  great  as  in  the  normal 
individual. 

The  changes  in  the  nitrogen  distribution  of  the  blood  before 
and  after  the  meal  are  also  given  in  Table  IV  a.  These  are  found 
to  be  within  normal  limits. 


TABLE  VI. 


M.Y. 


12; 

fe 

2: 

o 

C3 

Remarks. 

6 

>, 

O 

a 
O 

o 

S 
< 

Q 

O 
C 

< 

0.  m. 

mg.  per  hr. 

mg.  per  hr. 

mg.  per  hr. 

per  cent 

7.05-  8.55 

3.31 

0.386 

5.85 

6.6 

8.55-10.50 

3.75 

0.437 

7.80 

5.6 

Breakfast;  6  eggs. 

10.50-  1.00 

1.54 

0.180 

6.60 

2.7 

p.  m. 

1.00-  2.30 

3.66 

0.426 

8.70 

4.9 

> 

2.30-  4.15 

1.91 

0.222 

6.60 

3.4 

In  Table  VII  we  have  collected  the  results  of  feeding  a  cystine- 
rich  diet  consisting  of  six  eggs  on  the  rate  of  cj^stine  excretion  on 
six  cases  of  cystinuria  and  four  normal  controls. 

The  urine  was  collected  for  a  period  of  2  hours  before  feeding 
the  breakfast  which  consisted  essentially  of  six  scraml^led  eggs. 
The  urine  was  then  collected  every  2  hours  and  analyzed  for  cys- 
tine. The  results  are  expressed  in  cystine  excretion  in  mg.  per 
hour.  After  6  hours  the  subjects  were  given  a  light  protein-free 
lunch. 

An  anatysis  of  this  table  will  reveal  a  very  marked  difference 
in  the  behavior  of  the  normal  and  cystinuric  subjects.  In  the 
first  four  cases  (normal  individuals)  there  is  a  moderate  increase 
in  the  rate  of  cystine  excretion  but  it  never  exceeds  4.0  mg.  per 
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hour.  The  rate  for  the  cystinuric  cases  is  very  much  higher  than 
this  and  in  Case  X  reaches  a  maximum  figure  of  55.8  mg.  per  hour. 
The  last  five  cases  show  a  marked  increase  in  the  cystine  output 
following  the  ingestion  of  the  eggs.  This  increase  reaches  a  maxi- 
mum at  about  the  end  of  the  4th  hour  and  then  subsides  to  the 
fasting  level  at  the  end  of  the  8th  hour.  The  fasting  value  for 
Case  YHI  is  not  greatty  in  excess  of  that  for  the  normal  cases,  but 
the  change  caused  by  the  diet  clearly  distinguishes  this  from  the 
normal  cases.  Case  V  has  been  placed  as  a  border-line  case. 
Here  the  cystine  excretion  follows  closely  that  of  the  normal  indi- 
viduals, but  when  we  examine  the  ratio  of  cystine  nitrogen :  amino- 

TABLE  VII. 

Cystine  Excretion  per  Hour  after  Taking  6  Eggs. 


Case  No 

I 

II 

m 

IV 

V 

VI 

VII 

VIII 

IX 

X 

Before 

mg. 

0.56 

mg. 

3.31 

mg. 

2.71 

mg. 

1.32 

mg. 

1.59 

mg. 

25.7 

mg. 
12.9 

mg. 

3.78 

mg. 

5.8 

mg. 

30.3 

Breakfast; 

6  eggs. 

2  hrs. 

later  

1.84   3.75    1.98    1.26   3.15   27. 3|  29. 7}  4.44 

15.6'  33.7 

4     " 

« 

0.89    1.54 

2.28   3.72 

2.97    35.3 

34.813.3 

10. S'  55.8 

6     " 

<< 

0.80   3.66 

1.85   3.33 

2  33   34.1 

20.6   9.36     3.9    53.8 

Protein-free  lunch. 


8  hrs.  later 
10     "       " 


0.82 


1.91 


3.00 


2.30 
2.10 


39.1 


14.2 


5.28     6.2 


36.6 
20.0 


acid  nitrogen  as  recorded  in  Table  III  it  would  appear  that  this 
case  also  represents  a  slight  degree  of  cystinuria.  In  this  connec- 
tion it  may  be  of  interest  to  note  that  this  child  is  the  brother  of 
Case  IX  and  the  son  of  Case  X. 

In  Table  VIII  we  have  tabulated  the  results  obtained  from 
feeding  2  gm.  of  pure  cystine  from  wool  to  the  patient  F.  T. 
During  the  8  hours  immediately  following  the  ingestion  of  this 
cystine  the  patient  excreted  only  41.7  mg.  of  cystine  in  excess  of 
the  amount  that  she  was  excreting  while  fasting.  The  quantity 
expected  if  the  patient  had  absorbed  the  cystine  and  not  utilized 
it  would  have  been  nearh^  fifty  times  as  much  as  this.  There 
seems  to  be  no  reason  to  believe,  therefore,  that  pure  cystine  is 
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not  utilized  by  the  c\^stinuric  individual.     This  experiment  also 
confirms  the  findings  of  Alsberg  and  Folin. 

In  Tables  IX  and  X  we  have  tabulated  the  distribution  of 
sulfur  in  the  urines  of  one  normal  control  and  one  cystinuric 
patient,  after  the  ingestion  of  six  eggs.  The  cystinuria  case 
chosen  was  that  of  Mr.  S.,  the  subject  investigated  by  Alsberg 

TABLE  VIII. 
Cystine  Excretion  of  F.  T.  after  Taking  2  Gm.  of  Cijstine. 


Z 

"3. 

iz; 
3 

Remarks. 

6 

s 

t 

>> 
o 

o 

c 

£ 

o 
c 

< 

• 

a.m. 

mg.  per  hr. 

m(j.  per  hr. 

mg.  par  hr. 

per  cent 

7.00-  9.00 

32.5 

3.79 

14,4 

26.3 

9.00-11.00 

45.3 

5.27 

18.1 

29.1 

2  gm.  cystine. 

11.00-  1.00 

38.9 

4.53 

16.8 

27.0 

■p.m. 

1.00-  3.00 

35.5 

4.13 

12.0 

34.4 

3.00-  5.00 

52.0 

6.07 

13.6 

44.6 

TABLE  IX. 
Sulfur  Distribution  in  Normal  Urine. 


Mr.  O. 


Hour. 

Cystine. 

Cystine  S. 

Total  S. 

Total 
SO4-S. 

Neutral  S. 

Rest  S. 

Cystine  S 
Neutral  S' 

mg.  per  hr. 

mg.  per  hr. 

trig,  per  hr. 

7ng.  per  hr. 

mg.  per  hr. 

mg.  per  hr. 

per  cent 

I 

1.32 

0.35 

15.2 

12.8 

2.4 

2.05 

14.6 

II 

1.26 

0.^ 

21.4 

14.6 

6.8 

6.46 

5.0 

III 

3.72 

0.99 

18.4 

16.2 

2.2 

1.21 

45.0 

IV 

3.33 

0.89 

26.1 

25.9 

0.2 

V 

3.00 

0.80 

34.3 

31.6 

3.8 

3.00 

16.6 

and  Folin.     The  sulfur  determinations  are  expressed  in  mg.  of 
sulfur  excretion  per  hour. 

In  the  normal  control  the  excretion  of  neutral  sulfur  is  fairly 
constant  and  corresponds  very  closeh^  to  the  24  hour  average 
given  in  the  control  cases  of  Alsberg  and  Folin.  They  found  a 
daily  output  of  neutral  sulfur  of  170  mg.,  expressed  as  SO3.  The 
value  of  the  neutral  sulfur  excretion  of  our  control  expressed  in 
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the  same  terms  -would  be  180  mo;.  The  amount  of  this  sulfur 
which  is  due  to  cj'stine  varies  from  5  to  45  per  cent. 

In  the  cystinuria  patient  the  value  of  the  cystine  sulfur  follows 
very  closely  the  amount  of  neutral  sulfur  excreted.  Tlic  total 
sulfur  metabolism  is  somewhat  lower  than  that  given  in  the  pre- 
vious investigation  of  this  subject,  only  1.9  gm.  of  sulfur  as  SO3 
per  24  hour  period  is  obtained  instead  of  2.9  gm.  There  is  also  a 
drop  in  the  neutral  sulfur  which  agrees  with  this  fall  in  total  metab- 
olism, the  24  hour  value  of  the  neutral  sulfur  expressed  as  SO3 
is  0.600  gm.,  while  Alsberg  and  Folin  obtained  0.820  gm. 

The  cystine  sulfur  accounts  for  about  85  per  (-(nit  of  the  neutral 
sulfur,  the  ratio  varying  from  72  to  100  ])er  cent.  On  calculating 
the  same  ratio  from  the  hgures  given  l)y  Alsberg  and  Folin,  we 


TABLE  X. 

Sulfur  Distribution  in  Cystinuria  Urine. 


Mr.  S. 


Hour. 

Cystine. 

Cystine  S. 

Total  S. 

Total 
SO4-S. 

Neutral  S. 

Rest  S. 

Cystine  S 

Neutral  S' 

mg.  per  hr. 

mg.  per  hr. 

ni'j.  per  hr. 

imj.  per  hr. 

ma.  per  hr. 

m'j.  per  kr. 

per  cent 

I 

25.7 

6.86 

18.9 

13.8 

5.1 

0 

100 

II 

27.3 

7.28 

23.7 

15.4 

8.3 

1.0 

88 

III 

35.3 

9.42 

26.9 

15.8 

11.1 

1.7 

85 

IV 

34.1 

9.10 

36.9 

24.3 

12.6 

3.5 

72 

V 

39.1 

10.4 

51.6 

38.5 

13.1 

2.7 

80 

obtain  a  value  of  79  per  cent.  This  figure  is  derived  by  assuming 
that  all  the  neutral  sulfur  in  excess  of  that  given  by  the  normal 
controls  is  due  to  cystine.  The  normal  controls  give  a  value  of 
0.170  gm.  of  neutral  sulfur,  while  the  subject  gives  a  value  of  0.820 
gm.  The  difference  0.650  gm.,  is  taken  to  be  due  to  cj'stine.  Our 
value  for  the  total  cystine  sulfur  output  on  a  somewhat  lower 
protein  intake  is  0.480  gm.  This  indicates  that  there  has  been 
very  little  change  in  the  abilit}'  of  this  patient  to  utilize  the  cystine 
of  the  food. 

In  order  to  study  the  effect  of  diet  and  medication  on  the  excre- 
tion of  cystine,  the  patient  F.  T.,  was  studied  for  a  period  of  17 
days  while  on  a  constant  low  protein  intake.  The  figures  for  the 
total  nitrogen  excretion  given  in  Table  XI  are  sufficient  evidence 
that  the  protein  intake  was  kept  remarkablj^  constant  and  low. 


Looney,  Berglund,  and  Graves 


525 


-^      s 


O    -       '^  -TO 


^    ^.| 


O     aj     C! 

Ci       Ih       o 

o         ^ 


2      §  S  i 


b  3   '^  s 


O 


!/2 


r^      "'J      r- 


S      02      ^ 


tc 


S     ? 


r!    °^   >>   i^  •"     br 


T-H  r-l  (M 


N     « 


s 

°  §   ^  <2 

M    «  rf    rt  o 

's  a  •  "5  s 

=0     J^  bJO  ^  S 

02  '^   <  i/2 


"N  tJinoraiuy 


CC    O    C<D    CM    O 

-+     O     ^     'Tf     O 

CO    CO    CM    (M    T-H 


(-)    hvP^^Y 


I    I    I    I    I 


■Hd 

t^ 

CO 

o 

CO 

LO 

00 

CO 
00 

o 

CO 

CO 

00 

o 
00 

GO 

t^ 

t-  t^  l^ 

CO  o  o 

N  I^^ox 

CO 

CM 

t-~ 

CO 

o 

o 

LO! 

CO 

o 

<- 

o 

LO 

LO 

O    CO    CO 
CO    LO    •* 

^j  pioB-ontuiy 

'N  mox 

s 

S 

O 

ID 

o 

1^ 

CO 

CM 

CO 

O) 

t- 

CO 

o 

CO 
CO 

"O 

CO 

in 

o 

CO 

C^l 
C^l 

CO 

LO 

CO 

o 

CO 

1-H     05    00 
LO     ^     t^ 

CO    CO    CO 

>j  piOB-oniiuy 


CO  t^  .-H  lo  o 


^   00   o 
X   t^    '-t* 


'^  t--  o  t^ 


"N  pioB-oniiuy 

g 

C-1 
C^I 

CO 

o 

GO 
C^l 

0^1 

C^l 

(>1 

LO 

c^i 

Ol 

CO 

CO 

o 

o 
o 
01 

LO 

C^l 

lO 

GO 
OC 

c6 

cS 

C^l 

CO 

■^  ani^sXQ 

g 

CO 

00 

o 

CO 

o 

CO 
LO 

CM 

d 
»o 

CO 

CO 
CO 

o 

C^l 

CO 

CO 
C^l 

(X' 

o 
c^t 

C-. 

LO 

CO 

CI 

CO 

CM 

CO 

d 

CO 

o 

•aupsXQ 


o  CO  •*  r^  >— I 

LO    -^H    CO'    Ol    CO 

t^     LO     TtH     ^     -* 


CO  LO  o 

t^     CO     I-- 

^    ^    C^l 


-t<  t^  00  CO 
O  t^  CO  00 
CO    Ol    CO    CO 


■auinioA  auijri 


LO     O     LO     O 


O    Tt<    O    ■—    .— 


T-<  Ol    CO    LO 


X     r:  s  :=:     >  >  ^  r: 


i 
526  Cystinuria  I 

The  cystine  and  amino-acid  analyses  were  made  according  to 
the  methods  given  in  the  first  part  of  this  paper  and  the  other 
analyses  according  to  the  methods  described  in  the  Laboratory 
]\Ianiial  of  Biological  Chemistry  by  Folin. 

In  the  determination  of  the  hydrogen  ion  concentration  of  the 
urine,  no  precaution  was  taken  to  prevent  loss  of  COo,  as  the  values 
were  determined  merely  to  show  what  the  effect  of  bicarbonate 
was. 

The  change  from  a  high  protein  to  a  low  protein  diet  resulted  in 
a  gradual  decrease  in  the  amount  of  c^-stine  eliminated.  In  5  days, 
during  which  the  total  nitrogen  fell  from  6.90  gm.  per  day  to  4.57 
gm.,  the  cystine  excretion  showed  a  corresponding  decrease  from 
0.750  to  0.431  gm.  There  was  also  a  marked  reduction  in  the 
amount  of  cystine  crystals  present  from  a  maximum  of  0.222  gm. 
the  2nd  day  to  0.002  gm.,  on  the  5th.  The  fall  in  the  total  amino- 
acids  was  not  so  marked,  the  ratio  between  amino-acid  nitrogen 
and  total  nitrogen  remained  practically  constant. 

Beginning  with  the  5th  day,  the  patient  was  placed  on  an  alkali 
regime,  15  gm.  of  sodium  bicarbonate  being  given  each  day  in 
three  doses  of  5  gm.  The  alkali  was  followed  by  a  very  marked 
fall  in  the  amount  of  cystine  excreted.  The  fall  was  continuous 
until  the  8th  day  when  a  practically  constant  level  was  reached. 
This  level  was  maintained  with  slight  fluctuations  until  the  bicar- 
bonate was  discontinued  on  the  12th  day.  The  amount  of  cystine 
excreted  returned  nearly  to  the  value  obtained  before  the  bicar- 
bonate was  started  within  2  days.  During  the  period  of  alkali 
administration  there  was  an  increase  in  the  total  amount  of  amino- 
acids  excreted  and  a  marked  increase  in  the  ratio  between  amino- 
acid  nitrogen  and  total  nitrogen. 

This  experiment  would  suggest  that  the  use  of  sodium  bicar- 
bonate is  of  definite  value  in  the  treatment  of  cystinuria.  Addi- 
tional evidence  may  be  found  in  the  progress  of  the  patient  whose 
physical  condition  very  markedly  improved  under  the  regimen  of 
low  protein  diet  and  alkali  medication.  The  discomfort  in  the 
region  of  the  right  kidney  which  had  previously  been  very  persist- 
ent almost  entirely  disappeared.  It  is  noteworthy  that  upon  one 
occasion  following  the  neglect  of  her  diet  and  the  omission  of  sodium 
bicarbonate  she  suffered  a  recurrent  attack  of  rather  severe  renal 
colic  which  terminated  with  the  passage  of  two  small  calculi.     It  is, 
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of  course,  impossible  to  judge  concerning  the  permanence  of  the 
favorable  effect  of  this  treatment.  It  is  also  true  that  it  is  rather 
difficult  to  secure  the  complete  and  faithful  observation  of  dietary 
regulations.  A  final  routine  prescribed  a  low  protein  diet  which 
was  supervised  by  the  dietitian  of  the  hospital,  and  15  gm.  of 
sodium  bicarbonate  were  ordered  to  be  taken  daily  for  4  days  each 
week.     This  seemed  to  provide  sufficient  alkali. 

These  results  seem  to  indicate  a  far  reaching  change  in  the 
metabolism  of  the  amino-acids  which  is  worthy  of  further  study. 
No  explanation  of  this  difference  in  behavior  of  the  cystine  and 
the  other  amino-acids  can  be  offered  without  considerablj^  more 
work  on  the  exact  method  of  utilization  of  amino-acids.  The 
decrease  in  cystine  is  not,  however,  due  to  a  loss  while  in  the  urine, 
as  a  specimen  of  urine  preserved  wath  toluene  gave  the  same  read- 
ing for  the  total  color-producing  substances  after  the  addition  of 
sodium  sulfite  even  when  kept  for  2  months.  There  was  a  decrease 
in  the  amount  of  color  produced  directly  so  that  the  amount  of 
cj'stine  apparently  increased. 

The  giving  of  4  gm.  of  atophan  caused  a  decrease  in  the  elimina- 
tion similar  to  that  obtained  by  bicarbonate.  In  this  case,  how- 
ever, the  total  amino-acid  output  was  diminished  rather  than 
increased.  When  the  atophan  was  discontinued  the  values  for 
these  substances  returned  to  those  obtained  before  any  treatment 
was  given. 

The  values  for  the  various  sulfur  determinations  are  tabulated 
in  Table  XII.  The  total  sulfur  output  per  day  decreased  steadily 
on  the  low  protein  diet  and  became  practically  constant  on  the 
6th  day.  The  bicarbonate  therapy  caused  no  appreciable  change 
in  this  value.  The  total  sulfates,  both  inorganic  and  ethereal, 
continued  to  decrease  while  the  bicarbonate  was  being  taken,  and 
then  increased. 

The  atophan  caused  a  diminution  in  both  the  total  sulfur  and 
total  sulfates. 

The  neutral  sulfur  decreased  slight^  with  the  change  to  the  low 
protein  intake  and  remained  very  constant  during  the  period 
of  alkali  therapy.  When  the  bicarbonate  was  stopped  the  neutral 
sulfur  again  began  to  drop  except  for  the  period  when  atophan  was 
given. 
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The  sulfur  calculated  from  the  cystine  figures  accounts  for  all 
the  neutral  sulfur  on  the  days  on  which  there  was  no  bicarbonate 
or  atophan  taken.  The  amount  of  neutral  sulfur  not  accounted 
for  by  the  cystine,  called  rest  sulfur  in  the  table,  gradually 
increased  with  the  giving  of  bicarbonate  so  that  the  ratio  between 


TABLE  XIII. 

Experiment  Showing  Endogenous  Excretion  of  Cystine. 

Fasting  for  12  hours  since  noon;  urine  collected  every  2  hours  beginning 
at  midnight. 


Time. 

Urine, 
volume. 

Cystine. 

Remarlcs. 

1921 

CO.  per  hr. 

mg.  per  hr. 

Dec.  22. 

12  n. 

Began  fast. 

Dec.  23. 

12.00-  2.00  a.m. 

40 

2.80 

200  cc.  water. 

2.00-  4.00   " 

55 

1.98 

200   " 

4.00-  6.00   " 

79 

3.36 

200    " 

6.00-  8.00   " 

116 

2.76 

200    " 

8.00-10.00   " 

70 

2  24 

200    " 

10.00-12.00  n. 

130 

1.56 

200    " 

12.00-  2.00  p.m. 

152 

3.04 

200    " 

2.00-  4.00   " 

130 

3.12 

200    " 

4.00-  6.00   " 

60 

1.44 

200   " 

6.00-  8.00   " 

18 

2.70 

7  p.m.  Vomited  200  cc. 
gastric  juice. 

very  acid 

7.30  p.m.  Lunch:  2  buns,  glass  of 

milk. 

8.00-10.00   " 

38 

2.85 

10.00-  1.45  a.m. 

46 

2.80 

200  cc.  water. 

Dec.  24. 

1 .45-  8.45  a.m. 

14 

2.71 

8.45-10.45     " 

22 

1.98 

6  eggs  at  9  a.m. 

10.45-12.45  p.m. 

38 

2.28 

12.45-  1.36     " 

24 

1.85 

cystine  sulfur  and  neutral  sulfur  dropped  from  100  to  28  per  cent 
on  the  8th  day  and  remained  at  this  level  until  the  bicarbonate  was 
discontinued.  Then  the  ratio  returned  in  2  days  to  its  former 
value  of  100  per  cent.  The  atophan  also  caused  a  temporary 
fluctuation  in  the  amount  of  rest  sulfur  of  a  similar  nature. 
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This  result  is  certainly  very  remarkable.  That  the  bicarbonate 
alters  the  metabolism  of  cystine  sulfur  is  unquestioned,  but  the 
manner  in  which  this  change  is  accomplished  is  completely  hidden. 
The  total  sulfur  excretion  is  practically  constant  and  there  is  a 
fall  in  the  total  sulfates  eliminated  so  that  it  is  clear  that  the  cys- 
tine sulfur  is  not  completely  oxidized.  Whether  there  is  a  partial 
oxidation  of  Ihe  sulfur  so  that  it  does  not  appear  as  C3'stine  or 
whether  there  is  a  combination  of  the  cj^stinc  which  cannot  be 
determined  by  the  method  used  can  only  be  surmised.  The 
problem  necessitates  further  investigation. 

Table  XIII  is  introduced  to  show  the  effect  of  fasting  on  the 
cystine  output  of  a  normal  individual. 

The  subject  began  to  fast  after  a  light  lunch  at  noon  on 
December  22,  1921.  After  12  hours  the  urine  was  collected  every 
2  hours  and  the  cystine  output  estimated  in  mg.  per  hour.  200 
cc.  of  water  were  taken  everj^  2  hours.  When  the  fast  had  con- 
tinued for  31  hours  the  subject  vomited  about  200  cc.  of  very 
acid  gastric  juice.  Unfortunately,  this  material  was  lost  so  that 
no  analysis  of  it  could  be  made. 

The  table  shows  that  there  is  a  slight,  relatively  constant  excre- 
tion of  cystine  derived  from  the  endogenous  metabolism  which  is 
not  increased  by  the  taking  of  food  rich  in  cystine. 

SUMIMARY. 

The  results  recorded  in  this  investigation  confirm  most  of  the 
conclusions  of  Alsberg  and  Folin,  and  of  W^olf  and  his  coworkers. 

The  excretion  of  cystine  is  not  simply  an  index  of  a  general 
disturbance  in  the  metabolism  of  the  amino-acids  but  a  definite 
entity  confined  to  cystine. 

The  cystine  sulfur  accounts  for  practicall}'  all  the  neutral  sulfur 
found  in  cystinuria  urines  provided  the  patient  has  not  been 
taking  sodium  bicarbonate  or  atophan. 

The  administration  of  sodium  bicarbonate  causes  a  marked 
disturbance  in  the  distribution  of  neutral  sulfur  due  to  the  decrease 
in  cystine  eliminated.  This  disturbance  is  not  confined  solely  to 
the  metabolism  of  cystine  as  the  other  amino-acids  are  also 
affected,  but  in  the  reverse  direction.  No  explanation  is 
attempted  for  the  remarkable  changes  caused  by  the  bicarbonate, 
but  it  is  hoped  that  further  work  will  clear  up  the  situation. 
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The  total  amount  of  cj^stine  excreted  depends  on  two  factors: 
(1)  a  relatively  small  but  constant  amount  derived  from  the  endog- 
enous metabolism,  and  (2),  a  large  fraction  which  varies  in  pro- 
portion to  the  protein  intake. 

When  cj^stine  is  fed  as  the  isolated  amino-acid  onty  a  very  small 
amount  is  excreted  unchanged. 

In  closing  there  is  opportunity  for  interesting  speculation  con- 
cerning the  fact  that  of  the  cases  of  familial  cj^stinuria  above  pre- 
sented, onty  one  gave  definite  record  of  disease  of  the  urinar}^ 
tract  with  the  formation  of  calculi.  For  this  we  have  no  satis- 
factory explanation.  The  element  of  infection  seems  not  to  have 
been  an  important  factor,  for  F.  T.,  who  persistently  formed  stones, 
had  no  signs  of  associated  infection;  while  Sarah,  who  gave  no 
story  of  calculus  disease,  had  heavily  infected  urine.  The  sub- 
ject is  surrounded  by  the  same  obscurity  which  cloaks  the  problem 
of  urinary  calculi  in  general.  For  the  proper  furtherance  of  our 
knowledge  and  to  make  possible  more  rational  therapeusis,  we 
would  strongly  urge  upon  clinicians  that  the  stones  which  they 
remove  be  analyzed  in  every  instance.  It  is  evident  in  the  case  of 
F.  T.,  for  example,  that  the  diagnosis  of  the  disease  depended 
upon  the  analysis  of  the  stone. 
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{From  the  John  Herr  Musser  Department  of  Research  Medicine,  University  of 
Pennsylvania,  Philadelphia.) 

(Received  for  pulilication,  July  23,  1923.) 

A  considerable  amount  of  data  has  accumulated  in  regard  to 
disturbance  of  the  acid-base  balance  in  both  experimental  and 
pathological  conditions.  The  normal  variations  in  the  alkali 
reserve  of  blood  and  plasma  have  been  well  established  (Peters, 
Barr,  and  Rule;  and  Van  Slyke),  but  comparatively  little  atten- 
tion has  been  paid  to  the  extent  of  the  normal  variation  in  hydro- 
gen ion  concentration  of  the  plasma. 

This  report  presents  data  on  the  variation  of  the  plasma  pH 
in  normal  persons,  together  with  parallel  observations  on  the 
alkali  reserve  and  on  oxygen  contents  and  capacities.  The  data 
are  also  utilized  to  show  the  relationship  between  pKi  (of  Hassel- 
balch's  equation)  values  of  plasma  and  of  whole  blood. 

Through  the  courtes}'  of  Dr.  S.  Goldschmidt  and  Dr.  A.  Light 
and  their  students,  and  in  cooperation  with  their  regular  laboratory 
work  on  the  physiologj'  of  the  blood  in  the  Department  of  Physi- 
ology in  this  University,  we  obtained  venous  blood  from  twenty- 
seven  normal  medical  students.  Every  sample  was  taken  without 
stasis  from  an  elbow  vein  by  the  same  person,  Dr.  Light,  through 
a  sterile  drj^  needle  into  Pyrex  tubes  containing  mineral  oil  and 
neutral  powdered  potassium  oxalate  to  make  0.3  per  cent.  The 
samples  were  all  taken  at  the  beginning  of  the  laboratory  period 
between  10  and  11  a.m.  after  an  hour's  lecture  and  therefore 
under  uniform  conditions.     Thej^  were  all  taken  in  April,  1922. 

A  portion  of  the  blood  was  centrifuged  at  once  for  about  three- 
quarters  of  an  hour  in  a  full,  stoppered  tube  and  the  plasma 
removed  with  the  usual  precautions.  The  pH  determinations 
were  made  by  Cullen's  colorimetric  method.     The  readings  were 
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7.31 

59.8 
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0.039 
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W. 

7.33 

52.2 

59.6 

11.2 

17.8 

63 

46.5 

38.3 

0.034 

0.029 
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S. 

7.34 
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18.2 

55 
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0.047 
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12.0 
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52 

9 
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7.35 
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71.5 

12.7 
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63 
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43.4 
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0.040 
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M. 

7.36 

58.1 
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21.0 

37 

13 

Miss  C. 

7.36 

58.6 

66.9 

7.5 

17.7 

43 

48.9 

38.1 

0.034 

0.029 
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Miss  R. 
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53.6 

62.5 

8.9 

18.8 
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40.4 

0.045 

0.039 
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P. 
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61 
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7.37 
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19.0 
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68.0 
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7.37 

58.7 

68.8 
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7.38 
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25 
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43 
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44.7 
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26 

Col. 

7.40 

60.1 

70.8 

13.1 

21.9 
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47.1 

0.049  0.037 

27 

Ho.     • 

7.41 

59.2 

67.7 

13.0 

.21.7 

60 

44.5 

46.7 

0.035  0.025 

*  Average  values  of  Peters,  Bulger,  and  Eisennaan,  and  of  Gram  and 
Norgaard. 

t  Calculated  from  Has.selbalch's  equation  using  Bohr's  coefficient  0.511 
for  whole  blood  at  38°  (relative  solubility  coefficient  0.920). 

t  Calculated  from  cell  volume  using  Bohr's  relative  solubility  coefficient 
of  0.81  for  red  cells  and  0.975  for  plasma. 
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all  made  between  20  and  25°C.  and  corrected  to  the  pH  values  at 
38°C.  |by  the  equation  pHg^^  =  pH,o  +  0.01  {t°  -  20°)  -  0.22, 
where  t  =  temperature  of  the  reading. 

The  [CO2]  content  determinations  were  made  with  Van  Slyke's 
constant  volume  apparatus.  The  oxygen  content  and  capacity 
measurements  were  made  with  Van  Slyke  and  Stadie's  technique, 
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Fig.  1. 


using  the  short  form  of  Van  Slj'-ke's  apparatus.  We  are  indebted 
to  Dr.  J.  H.  Austin  for  these  oxj^gen  determinations.  The  whole 
blood  [CO2]  contents  were  determined  on  twenty-three  of  the  sam- 
ples, and  on  fourteen  of  these  parallel  plasma  [CO2]  content  deter- 
minations were  made. 

The  results  are  given  in  Table  I  and  in  Figs.  1,  2,  3,  and  4, 
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Fig.  4.  •  =  a  pKi  values  calculated  from  Hasselbalch's  equation  using 
Bohr's  coefficient  0.511  for  whole  blood  at  38°  (relative  solubility  coefficient 
0.920).  +  =  A  pKi  values  calculated  from  cell  volume  using  Bohr's 
relative  solubility  coefficient  of  0.81  for  red  cells  and  0.975  for  plasma. 

Hydrogen  Ion  Concentration. 

The  pH  of  the  plasma  varied  from  7.28  to  7.41.  Twenty-one 
of  the  twenty-seven  determinations  lay  between  7.35  and  7.40. 
The  maximmn  variation  in  pH  was  0.13  pH.  Even  if  one  assumed 
that  the  two  extreme  values  of  7.28  and  7.41  were  in  error  by  0.02 
pH  (and  in  the  opposite  direction)  it  is  evident  that  any  pH  values 
of  plasma,  measured  at  38°,  between  7.3  and  7.4  must  be  accepted 
as  normal. 

It  is  probable  that  in  a  similar  number  of  normals  taken  at 
random  there  would  be  greater  variations  than  in  this  group 
where  the  conditions  of  age,  time  of  day,  activity,  occupation,  etc., 
were  so  uniform. 

It  is  felt  that  these  data  lend  support  to  the  view  that  the  ordi- 
nary normal  individual  and  day  by  day  variations  in  the  reaction  of 
the  blood  are  greater  than  has  been  supposed. 
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Total  [CO2]  Content  of  Blood  and  Plasma. 

In  Fip;.  1  the  total  [CO2]  contents  of  blood  and  plasma  are 
plotted  against  pH.  Within  these  normal  limits  of  pli  and  [CO2] 
content  there  is  apparently  no  systematic  relation  between  the 
variables,  pH  and  [CO2]  content.  In  Fig.  2  the  whole  blood  [CO2] 
contents  are  plotted  against  hemoglobin  contents.  Again,  for 
this  normal  range,  there  is  no  apparent  relation  between  the  level 
of  blood  [CO2]  and  hemoglobin  content. 

In  order  to  determine  what  influence  the  hemoglobin  content 
of  the  blood  exercised  on  the  position  of  the  blood  in  the  acid-base 
diagram  the  blood  [C02]-pH  points  of  Fig.  1  have  been  replotted 
on  a  larger  scale  in  Fig.  3  and  have  been  divided  into  four  groups 
according  to  oxygen  capacities — 17.7  to  18,  18  to  20,  20  to  22 
and  22  to  25  volumes  per  cent. 

It  is  evident  that  within  this  normal  range  of  hemoglobin  con- 
tent any  changes  in  the  position  of  the  [C02]-pH  points  on  the 
diagram  due  to  varying  hemoglobin  are  negligible  in  comparison 
with  the  other  variations  that  occur  normally. 

Difference  between  Whole  Blood  arid  Plasma  pKi. 

When  both  whole  blood  and  true  plasma  [CO2]  contents  are 
available  as  well  as  the  plasma  pH  the  data  may  be  utilized  to 
determine  the  difference  between  whole  blood  and  plasma  pKi 
values,  in  a  manner  similar  to  that  used  by  Peters,  Bulger,  and 
Eisenman. 

For  the  purpose  of  calculation,  a  plasma  pKiof  6.10  was  assumed^ 

and  from  the  pH  and  [CO2]  content  of  the  plasma,  the  [H2CO3] 

of  the  plasma  was  calculated  from  Hasselbalch's  equation  pH 

[BHCO3] 

=  pKi  -f  log .     For  details  of  this  calculation  see  the 

^    [H2CO3] 

paper    on    technique     (Austin     and      coworkers).      From     the 

plasma  [H2CO3]    using  Bohr's   solubility  coefficient  of  0.541  the 

CO2  tension  at  38°  was  calculated. 

Using  this  same  tension  the  blood  pKi  values  were  calculated  in 

two  ways.     In  the  first,  Bohr's  blood  solubiHtj^  coefficient  at  38° 

1  The  arbitrarily  selected  value  of  6.10  is  probably  nearly  correct.  We 
have  recently,  on  three  human  plasmas,  determined  pKi  electrometrically 
and  obtained  6.081,  6.090,  and  6.106. 
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of  0.511  was  used  to  calculate  the  blood  [H2CO3]  and  from  this, 
and  the  measul-ed  value  of  blood  [CO2]  content,  the  pKi  of  the 
blood  was  obtained.  The  difference  between  this  and  the  plasma 
pKi,  is  given  in  Column  10  of  Table  I  (ApKi,  a) 

Warburg,  and  later,  Peters  and  coworkers  have  criticized  the 
use  of  the  average  value  of  0.511  for  blood  solubihty  on  the  ground 
that  the  variation  in  cell  volume  should  be  included  in  the  estima- 
tion of  the  CO2  that  is  dissolved  in  whole  blood.  This  contention 
seems  correct  and  the  problem  is  presented  of  what  value  to  use 
for  cell  CO2  coefficient.  Peters  accepts  Bohr's  values  for  plasma 
and  cells  and  uses  the  equation  (0.71 18-0. 1205C)  pCOs  =  [H2CO3] 
where  C  =  the  cell  volume. 

Using  this  equation  the  values  for  A  pKi  were  calculated  and  are 
given  in  Column  11  of  Table  I  (A  pKi,  b).  The  cell  volumes  were 
calculated  from  Peters'  value  of  0.465  for  the  oxygen  capacity:  cell 
volume  ratio  which  agrees  with  the  values  of  Gram  and  Norgaard. 

Both  the  A  pKi  values  calculated  from  Bohr's  blood  solubility 
coefficient  and  those  calculated  from  Peters'  equation  are  plotted 
against  cell  volume  in  Fig.  4.  Since  our  pH  values  are  all  between 
7.30  and  7.40  the  influence  of  pH  variations  is  negligible.  It  is 
evident  that  there  exists,  over  this  normal  range,  a  rather  large 
variation  in  A  pKi  values. 

It  is  also  evident  that  the  average  value  of  A  pKi  of  0.05  calcu- 
lated by  the  Bohr  solubility  factor  is  about  0.01  higher  than  the 
average  of  the  values  calculated  from  Peters'  equation.  Our 
results  are  not  of  a  nature  to  throw  light  on  the  question  as  to 
which  values  are  the  more  accurate.  It  is  worth  while,  however, 
to  call  attention  to  the  difference  in  the  assmuptions  involved  in 
the  two  methods.  In  the  first  method,  the  assumption  is  that 
Bohr's  value  of  0.511.  estabhshed  on  defibrinated  ox  blood,  is 
identical  with  that  for  normal  hmnan  blood.  The  assumption  in 
the  equation  of  Peters,  Bulger,  and  Eisenman^ — which  is  derived 

(555 
- —  (volmue  of  plasma  X  0.975  +  volume  of 
760 

cells  X  0.81)  =  H2CO3 )— is  the  validity  of  Bohr's  calculation  that 


the  relative  solubility  of  CO2  in  red  cells,  as  compared  with  water, 
is  0.81.  Bohr  calculated  this  from  his  plasma  and  whole  blood 
coefficients  b}'  assmning  a  cell  volume  for  his  defibrinated  ox 
blood   of   one-third.     The   desirability   of   correcting   the   whole 
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blood  pKi  values  on  the  basis  of  cell  volume  is  unquestioned  in 
the  pathological  conditions  involving  changes  in  cell  volmne. 
It  seems  important  also,  as  Peters  and  coworkers  have  done,  to 
establish  the  normal  variation  upon  the  same  assumption  used  in 
calculating  the  abnormal.  Until  the  solubility  coefficients  for 
normal  human  blood  and  cells  have  been  more  accm-ately  estab- 
lished, one  may  arbitrarily  choose  one  or  the  other  of  these  altern- 
ative assmnptions.  For  determining  the  correction  for  any  given 
cell  volume  we  may,  since  A  pKi  =  0  when  cell  volume  =  0, 
draw  that  line  from  the  origin  which  passes  as  a  median  through 
the  A  pKi  value  at  normal  cell  volume.  In  Fig.  4  two  such  lines 
are  drawn,  the  upper  is  the  median  through  the  A  pKi  values  cal- 
culated from  Bohr's  whole  blood  solubility  coefficient,  the  lower 
the  median  through  the  values  calculated  from  Bohr's  plasma  and 
red  cell  solubility  coefficients. 

SUMMARY. 

Venous  blood  was  obtained  under  uniform  conditions  from 
twenty-seven  normal  individuals. 

On  twenty-three  of  these  specimens  whole  blood  [CO2]  content, 
and  oxj^gen  content  and  capacity  were  determined,  and  on  sixteen 
of  these  true  plasma  [CO2]  content  was  also  determined. 

From  these  data  the  difference  between  the  pKi  of  whole  blood 
and  plasma  has  been  calculated.  The  assumptions  involved  in 
this  calculation  are  discussed. 

pH  determinations  v/ere  made  by  the  colorimetric  method  on 
the  plasma  of  these  bloods.  The  pH  of  the  plasma  at  38°  varied 
between  7.28  and  7.41.  The  significance  of  this  normal  variation 
is  discussed. 
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THE  EFFECT  OF  INSULIN  TREATMENT  ON  THE  HYDRO- 
GEN ION  CONCENTRATION  AND  ALKALI  RESERVE 
OF  THE  BLOOD  IN  DIABETIC  ACIDOSIS. 

By  GLENN  E.  CULLEN  and  LEON  JONAS.* 

(From  the  John,  Herr  Musser  De'parivienl  of  Research  Medicine  and  the 
Chemical  Department  of  the  William  Pepper  Clinical  Laboratory, 
University  of  Pennsylvania,  Philadelphia.)  c 

(Received  for  publication,  July  23,  1923.) 

Reports  from  other  clinics^  have  agreed  that  in  severe  diabetes 
not  only  the  blood  sugar  concentration  but  also  the  alkali  reserve 
is  restored  to  normal  under  insulin  treatment.  By  a  concurrent 
determination  of  the  [CO2]  content  and  the  plasma  pH  it  is  possible 
to  obtain  a  more  complete  picture  of  the  acid-base  equilibrium' 
than  is  afforded  by  one  of  these  determinations  alone.  The  obser- 
vations reported  here  show  the  behavior  not  only  of  the  alkali 
reserve  but  also  of  the  plasma  pH  in  diabetes  during  insulin  treat- 
ment. This  study  was  made  in  connection  with  the  insulin  treat- 
ment of  diabetes  mellitus  on  the  Medical  Service  of  the  University 
Hospital.^ 

Methods. 

Accurate  and  simple  methods  are  now  available  for  determining 
the  [CO2]  content  of  either  blood  or  plasma  and  the  pH  of  the 
plasma  or  serum.  We  have  preferred  to  use  plasma  [CO2]  content 
rather  than  blood  content,  since  both  pH  and  CO2  determinations 

*  Woodward  Fellow  in  Physiological  Chemistry. 

1  Banting,  F.  G.,  and  Best,  C.  H.,  J.  Lab.  and  Clin.  Med.,  1922,  vii,  464. 
Banting,  F.  G.,  Best,  C.  H.,  Collip,  J.  B.,  MacLeod,  J.  J.  R.,  and  Wake,  E. 
C;  and  numerous  other  reports  including  the  report  of  Dr.  N.  B.  Foster 
and  R.  W.  Wood5'att  read  at  the  meeting  of  the  Association  of  American 
Physicians,  May,  1923,  and  the  report  of  Davies,  H.  W.,  Lambie,  C.  G., 
Lyon,  D.  M.,  Meakins,  J.,  and  Robson,  W.,  Brit.  Med.  J.,  1923,  i,  847. 

2  The  clinical  report  of  this  series  is  by  Dr.  L.  Jonas,  A  report  of  64 
cases  of  diabetes,  in  press. 
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can  be  carried  out  on  plasma  and  also  because  with  plasma  the 
influence  of  changes  in  the  cell  volume  and  oxygen  saturation  on 
[CO2]  content  is  minimized. 

The  blood  was  taken,  unless  stated  otherwise,  in  the  morning 
before  breakfast  and  before  any  insulin  treatment  for  that  day. 
This  was  selected  as  the  best  time  for  obtaining  equilibrium  con- 
ditions. The  insuHn  dosage  is  given  with  the  dates  that  indicate 
changes  in  dosage. 

The  blood  was  drawn  into  Pyrex  tubes  containing  mineral  oil 
and  coated  with  sufficient  neutral  potassium  oxalate  to  make  the 
concentration  0.3  per  cent.  The  needle,  which  was  dry  sterilized, 
was  inserted  into  the  artery  at  the  elbow  usually  without  stasis; 
when  a  shght  stasis  was  necessary  in  order  to  insert  the  needle,  a 
half  minute  was  allowed  to  elapse  before  the  blood  was  taken. 
Usually  the  needle  was  connected  through  glass  Y-tubes  to  two 
tubes,  one,  for  other  analyses,  was  filled  first,  then  the  second 
was  filled  for  acid-base  studies.  6  cc.  of  this  bood  were  removed 
under  oil  to  a  Pyrex  tube,  stoppered,  and  centrifuged  as  previously' 
described  (Cullen) ;  the  plasma  was  removed  under  oil  and  the 
[CO2]  content  was  determined  by  Van  Slyke's  method  using  the 
constant  volume  apparatus.  The  pH  determinations  were  made 
by  Cullen's  colorimetric  method;  the  readings  were  corrected  bj^ 
the  equation  pHss-  =  pH,-  +  0.01  {f  -  20°)  -  0.22,  where  t  = 
temperature  of  reading.  All  the  pH  values  are  given  at  38°. 
We  were  assisted  in  many  of  these  determinations  by  Mr.  H.  W. 
Robinson. 

The  Folin-Wu  method  was  used  for  blood  sugar  determinations. 

The  CO2  tensions  were  calculated  from  the  pH  and  [COo] 
content  values  assuming  a  pKi  of  plasma  of  6.10  and  a  plasma  CO2 
solubility  factor  of  0.541  (see  Austin  and  coworkers). 

Results. 

The  results  are  tabulated  in  Table  I  and  each  case  is  charted 
in  the  figures. 

In  this  discussion  "acidosis"  is  used  to  designate  that  condition 
of  acid-base  l^alance  associated  with  both  decreased  alkalinity  of 
blood  and  decreased  alkali  reserve;  i.e.,  the  "uncompensated  alkali 
deficit"  (Area  9)  of  Van  Slyke's  diagram. 
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TABLE  I. 


Date. 

Plasma 
pH 

at  38°. 

Total 

[CO-21 

con- 
tent. 

COo 

tension 
(calcu- 
lated). 

Blood 
sugar. 

Insulin. 

Date. 

Unit. 

10-22 

pH 

vol.  per 
cent 

mm. 

ym.  per 
100  cc. 

per  day 

Ins.  5 

Nov.  16 

17.0 

0.411 

M.  I. 

"     18 

7.34 

41.0 

31 

0.313 

Nov.  16  to  19 

32 

"     20 

7.50 

66.0 

36 

0.200 

Nov.  20 

24 

Nov.  23 

7.24 

23.0 

22 

0.174 

Nov.  21  to  22 

16 

"     25 

7.48 

73.0 

41 

0.035 

Nov.  23  to 

"     29 

7.32 

76.0 

61 

0.094 

Dec.  5 

32 

Dec.     1 

7.34 

70.3 

54 

0.214 

1923 

Feb.   23 

7.39 

60.8 

42 

0.261 

10 

Ins.  6* 

Feb.   12 

7.12 

17.7 

22 

20 

R. 

Ins.  9 

Feb.     7 

7.39 

44.4 

30 

0.333 

B.F. 

"    13 

7.02 

15.2 

23 

0.345 

Feb.    8  to  12 

20 

"     14 

7.39 

38.2 

27 

"      13  to  26 

40 

"     15 

7.42 

59.7 

38 

0.327 

"     16 

7.43 

71.8 

42 

0.227 

"     24 

7.46 

63.3 

37 

0.188 

Mar.     2 

7.39 

58.7 

40 

0.200 

Feb.  26  to 
Mar.  2 

30 

Ins.  11 

Feb.    11 

6.98 

16.1 

26 

0.326 

T.  C. 

"     12 
"     13 

7.32 

44.0 

35 

0.306 

Feb.  11 

30 

a.m. 

7.45 

59.6 

36 

0.153 

"      12  to  14 

40 

p.m. 

7.51 

64.4 

34 

Feb.    14 

7.42 

58.7 

38 

"     15 

7.43 

58.6 

37 

0.190 

Feb.    14  to 

30 

"     19 

7.41 

57.8 

38 

0,154 

Mar.  19 

"    27 

7.47 

61.6 

36 

0.152 

Mar.     6 

7.31 

56.0 

45 

0.228 

"     10 

7.31 

47.6 

39 

0.230 

"     19 

7.22 

38.5 

38 

0.300 

"     21 

7.38 

61.4 

42 

0.190 

Mar.  19  to  21 

40 

"     22 

7.40 

67.2 

46 
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T.VBLE  1— Concluded. 


Case  No. 

Date. 

Plasma 

pH 
at  38°. 

Total 
ICO2) 
con- 
tent. 

CO  2 
tension 
(calcu- 
lated). 

Blood 
sugar. 

,  Insulin. 

Date. 

Unit. 

102S 

pH 

vol.  per 
cent 

mm. 

gm.  per 
ICOcc. 

per  day 

Ins.  16 

Feb. 

26 

7.31 

35.7 

29 

0.200 

W.  R. 

(< 

27 

7.40 

46.2 

30 

0.142 

Feb.  26  to 

30 

Mar. 

1 

7.37 

57.2 

40 

0.234 

Mar.  5 

li 

3 

7.47 

74.2 

43 

0.142 

(t 

5 

7.50 

70.0 

38 
35 

0.133 

Ins.  22 

Mar. 

13 

7.26 

38.3 

0.296 

M.  W. 

<i 

16 

7.40 

72.8 

49 

0.254 

Mar.  13  to  19 

30 

" 

19 

7.40 

81.5 

48 

0.284 

Ins.  26 

G.  B. 

Apr. 

2 

7.27 

40.8 

36 

0.300 

Apr.  2  to  5 

30 

" 

5 

7.45 

64.3 

39 

0.314 

*Ins.  6  did  not  speak  English.  Unable  to  get  history.  Sudden  coma,  on 
morning  of  Feb.  12.  Two  10  unit  doses  of  insulin,  all  that  was  available, 
failed  to  relieve  and  death  occured  at  11  p.m.,  Feb.  12. 

Our  results  confirm  the  observations  from  other  clinics  regarding 
the  behavior  of  the  alkali  reserve  under  insulin  treatment.  They 
show,  moreover,  that  in  all  the  patients  with  severe  acidosis  the 
lowered  alkali  reserve  was  associated  with  a  lowered  pH.  As 
return  toward  normal  took  place  under  insulin  treatment  it  is 
striking  that  the  restoration  of  the  pH  and  the  alkali  reserve 
progressed  simultaneously.  In  the  figures  the  slope  of  the  solid 
lines  drawn  arbitrarily  through  the  observed  points  expresses  this 
relationship  between  the  changes  in  these  two  factors  of  the  acid- 
base  balance.  It  will  be  noted  that  this  slope  is  similar  in  the 
different  patients  and  also  in  the  same  patients  (Figs.  1  and  2) 
during  two  successive  periods  of  acidosis.  In  one  case,  Fig.l, 
after  a  normal  condition  had  been  attained,  there  occurred,  because 
of  a  failure  in  the  insulin  supph^,  a  severe  acidosis.  Later,  with 
sufficient  insulin  the  return  of  the  acid-base  equilibrium  to  normal 
took  place  along  the  same  slope  as  in  the  preceding  recovery. 
(Compare  points  1  and  2  with  3  and  4  in  Fig.  1.) 

In  studying  the  acidosis  of  anesthesia  Cullcn,  Austin,  Korn- 
blum,  and  Robinson  found  that  during  the  recovery  from  the 


pHof 


serum       at  38'' 


Fig.  1.  Insulin  5.  M.  I.,  white,  female,  American,  age  34  years,  weight 
41.3  kilos,  admitted  Nov.  16,  1922. 

The  diabetes  was  of  2  j^ears  duration  and  untreated. 

The  present  crisis  followed  an  acute  gastrointestinal  disturbance,  3  days 
before  admission. 

On  admission,  the  patient  was  in  coma  from  which  she  could  not  be 
aroused.  500  cc.  of  a  solution  containing  5  per  cent  glucose  and  2.5  per  cent 
NaHCOs  were  given  by  vein.  2  hours  later  blood  was  withdrawn  for  the 
first  examination  and  20  units  of  insulin  were  given.  ,  NaHCOs  was  not 
given  after  the  above  injection. 

The  patient  did  well  on  32  units  a  day.  On  Nov.  20,  1922,  because  of 
insufficient  insulin,  the  dose  was  reduced  to  24  units  and  on  Nov.  21  and  22 
to  16  units.  This  caused  a  relapse  from  which  she  recovered  on  return  to 
32  units. 

The  blood  ketones  expressed  in  terms  of  acetone  per  liter  of  blood  were 
1.25  gm.  on  Nov.  17,-  0.18  gm.  on  Nov."  20,  and  0.848  gm.  on  Nov.  23. 

She  was  discharged  Dec.  22,  1922  in  good  condition  and  on  an  insulin- 
dosage  of  10  units  per  day. 
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Fig.  2.  Insulin  9.  B.  F.,  white,  female,  Russian,  age  23  years,  weight 
37.6  kilos,  admitted  Jan.  29,  192.3. 

Diabetes  was  recognized  6  weeks  before  admission,  at  which  time  she  was 
suffering  from  numerous  furuncles. 

On  admission,  the  patient  was  in  a  serious  condition.  She  responded 
slowly  to  dietetic  treatment.  On  Feb.  28,  1923,  insulin  treatment  was 
begun,  the  dosage  being  20  units  a  day.  3  days  later  a  carbuncle  developed 
which  greatly  intensified  the  severity  of  the  diabetes.  On  Feb.  13  respira- 
tory distress  and  a  tendency  to  stupor  developed. 

40  units  of  insulin  daily  quickly  relieved  the  patient.  Insulin  was 
reduced  to  20  units  and  finally  stopped  because  the  tolerance  improved  so 
that  she  could  take  her  diet  and  remain  free  of  ketonuria  and  glucosuria. 
She  died  on  Mar.  21  of  septicemia. 
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severe  acidosis  of  anesthesia  there  was  in  some,  but  not  all  the 
animals,  a  suggestion  that  the  recover}-  proceeded  at  fairly  con- 
stant CO2  tension. 
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Fig.  3.  Insulin  11.  T.  C,  white,  male,  American,  age  18  years,  weight 
41.5  kilos,  admitted  Feb.  11,  1923. 

The  diabetes  was  of  2  years  duration.  The  present  severe  condition 
was  caused  by  acute  tonsillitis,  1  week  previous  to  admission. 

On  admission  the  patient  was  semicomatose  and  showed  respiratory 
distress. 

After  2  days  of  40  units  of  insulin  a  day,  30  units  a  day  were  given.  On 
Mar.  19,  because  of  acidosis  due  to  a  break  in  diet,  he  received  40  units  a  day 
for  3  days  and  thereafter  30  units  a  day.  The  blood  ketones  on  Feb.  11 
were  0.326  gm.  per  liter,  on  Feb.  12,  0.110  gm.,  and  on  Feb.  13,  0.074  gm. 
expressed  as  acetone. 

He  was  discharged  on  May  22  free  of  ketonuria  and  glucosuria  and  on  a 
maintenance  diet  with  30  units  of  insulin.     He  weighed  50.5  kilos. 
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Fig.  4.  Insulin  16.  W.  R.,  white,  male,  American,  age  35  years,  weight 
55.8  kilos,  admitted  Feb.  12,  1923. 

The  sj^mptoms  of  diabetes  were  first  noticed  3  weeks  before  admission. 
At  that  time  he  had  an  infection  of  the  mouth. 

On  admission,  the  symptoms  were  those  of  severe  diabetes.  Failing  to 
respond  to  dietetic  treatment,  insulin  therapy  was  Vjegun  Feb.  26. 

The  patient  improved  rapidly  on  30  units  of  insulin  a  day. 

He  was  discharged  Mar.  21,  1923  in  good  condition  and  taking  20  units 
of  insulin  per  day.     He  weighed  59  kilos. 
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Fig.  5.  Insulin  22.  M.  W.,  white,  male,  Hungarian,  age  32  years,  weight 
45.5  kilos,  admitted  Mar.  12,  1923. 

The  diabetic  history  dates  back  2  years.  A  mild  diabetic  at  the  onset, 
with  a  gradual  loss  of  tolerance  until  at  the  time  of  admission  it  was  impossi- 
ble to  keep  him  aglucosuric  on  a  maintenance  diet. 

On  admission  his  symptoms  were  those  of  severe  diabetes. 

The  patient  responded  well  to  30  units  of  insulin  a  day.  On  discharge 
Apr.  21  he  was  on  a  maintenance  diet  with  30  units  of  insulin  daily.  He 
weighed  51.8  kilos. 
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Fig.  6.  Insulin  26.  G.  B.,  white,  male,  American,  age  26  years,  weight 
51.0  kilos,  admitted  Apr.  2,  1923. 

The  patient  had  had  diabetes  for  9  years,  mild  at  first,  but  with  a  slowly 
diminishing  carbohydrate  tolerance. 

The  present  condition  was  precipitated  by  an  acute  infection  of  the  upper 
respiratory  tract. 

On  admission  the  symptoms  were  those  of  severe  diabetes. 

The  patient  responded  well  to  .30  units  of  insulin  per  day.  He  insisted 
upon  being  discharged  on  the  5th  day. 
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In  order  to  bring  out  any  similar  relationship  between  the  CO2 
tension  and  the  changing  acid-base  balance  in  these  cases,  constant 
CO2  tension  lines  (CO2  isobars)  have  been  drawn  as  broken  curves. 

In  three  of  the  cases,  among  them  the  two  with  severe  acidosis 
(Figs.  2,  3,  and  6),  the  successive  states  of  acid-base  equilibrium 
have  approximated  the  same  CO2  tension.  In  one  of  these  cases 
(Fig.  2)  this  is  true  only  for  the  initial  stage  after  which  the  con- 
dition is  that  of  approximately  constant  pH. 

In  the  remaining  three  cases  reported,  the  return  toward  normal 
was  apparently  not  associated  with  this  constancy  of  CO2  tension. 

This  apparent  tendency  to  maintain  constancy  of  CO2  tension 
over  extremely-  wide  pH  fluctuation  may  be  simply  a  coincidence, 
or  it  may  be  an  indication  of  a  mechanism  operating  under  definite 
but  unknown  conditions. 

Variations  in  Reaction. 

It  is  of  interest  that  these  observations  include  the  lowest  pH 
yet  reported  in  man  with  recovery  from  acidosis;  i.e.,  pH  values 
at  38°  of  6.98  and  7.02.  That  such  abnormally  low  reactions 
are  not  in  themselves  incompatible  with  recover^^  is  thus  demon- 
strated. Further,  after  the  organism  has  returned  to  normal  it  is 
apparent  that  there  occurs  a  considerable  fluctuation  in  the  pH. 
This  relatively  large  day  b}^  daj'-  fluctuation  after  recovery  is  in 
harmony  with  the  variation  in  normal  pH  which  we  have  reported 
from  this  laboratory  (Cullen  and  Robinson)  and  which  indicates 
that  the  normal  variations  are  larger  than  have  sometimes  been 
considered  to  be  the  case.  In  passing  it  is  interesting  to  note 
a  case  of  nephritic  acidosis  which  was  studied  in  this  hospital  with 
a  pH  of  6.7  and  a  [CO2]  content  of  4  volumes  per  cent.  With 
strenuous  alkali  therap}'  for  36  hours  the  acid-base  balance 
returned  to  a  pH  of  7.25  and  a  [CO2]  content  of  21.6  volumes  per 
cent  and  the  patient  lived  for  48  hours. 

It  would  appear  that  the  pH  changes  which  are  compatible  with 
life  and  which  indeed  occur  under  conditions  of  physiological 
activity  are  much  greater  than  was  formerly  supposed.  The  data 
reported  b}-  Cullen  and  Robinson  for  normals,  by  Barr,  Himwich, 
and  Green  for  conditions  of  violent  exercise,  and  in  this  paper  for 
pathological  conditions  all  support  this  view. 
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SUMMARY. 

The  behavior  of  the  acid-base  balance  has  been  followed  in 
diabetes  during  insulin  treatment. 

The  acidosis  of  severe  diabetes  is  characterized  by  the  lowering 
of  both  alkali  reserve  and  plasma  pH.  Under  insuhn  treatment 
both  alkali  reserve  and  pH  return  to  their  normal  level  coincidently. 

There  appears  to  be  a  consistent  relation  between  these  two 
factors  during  the  return  to  normal. 

Two  cases  of  coma  with  recovery  under  insulin  treatment  with 
plasma  pH  at  38°  C.  of  6.98  and  7.02,  respectively,  are  reported. 
These  are  believed  to  be  the  lowest  values  for  human  plasma  pH 
with  recovery  that  have  been  reported. 
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STROPHANTHIN. 
II.     THE  OXIDATION  OF  STROPHANTHIDIN.* 

By  WALTER  A.  JACOBS. 

{From  the  Laboratories  of  the  Rockefeller  Institute  for  Medical  Research.) 
(Received  for  publication,  July  14,  1923.) 

Attempts  to  obtain  information  regarding  the  structure  of 
strophanthidin  have  been  limited  to  the  experiments  of  Feist^ 
and  Windaus  and  Hermanns.-  Although  the  former  studied 
the  effect  of  a  number  of  oxidizing  agents,  the  only  definite  re- 
sult obtained  by  him  was  by  the  oxidation  of  strophanthidin  or 
isostrophanthidin  (strophanthidinic  acid  lactone)  with  per- 
manganate in  alkaline  solution  after  saponification  of  the  lactone 
group  in  each  of  these  compounds.  In  each  case,  along  with 
oxalic  acid  and  other  obscure,  amorphous  acids,  the  same  crystal- 
line di-basic  acid  (so  called  strophanthic  acid)  was  isolated  with 
the  melting  point  260.8°,  and  to  which  Feist  attributed  the  for- 
mula C27H38O9.  Windaus  and  Hermanns  later  confirmed  J,'the 
formation  of  this  acid,  but  on  the  basis  of  analysis,  titration, 
and  the  analysis  of  a  dimethyl  ester  adopted  the  formula  C23H30O8, 
and  suggested  that  its  formation  might  be  due  to  the  oxidation  of 
a  terminal  CH3  group  in  the  hydroxj^-acid,  erroneously  con- 
sidered b}^  them  to  be  C23H32O6.  From  the  following,  this  view 
will  be  seen  to  be  untenable. 

We  have  also  prepared  this  acid  and  from  its  analysis  and 
titration  in  the  cold,  we  have  confirmed  the  formula  C23H30O8. 
It  is  isomeric  with  the  acid  to  be  described  later  on.  However, 
from  its  behavior  toward  alkali,  we  have  found  that  this  acid, 
contrary  to  Feist,  still  possesses  a  lactone  group  and  is,  there- 
fore, a  di-basic  lactone  acid.  On  acidification  the  lactone  ring 
readily  closes  with  the  quantitative  formation    of  the  original 

*  Jacobs,  W.  A.,  and  Heidelberger,  \l.,  J.  Biol.  Chem.,  1922,  liv,  253. 
1  Feist,  F.,  Ber.  chem.  Ges.,  1898,  .xxxi,  53-1;  1900,  xxxiii,  2088. 
-  Windaus,  A.,  and  Hermanns,  L.,  Ber.  chem.  Ges.,  1915,  xlviii,  993. 
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di-basic  acid.  Further,  the  dinictliyl  ester  does  not  react  with 
ketone  reagents,  so  that  the  conchision  seems  justified  that  the 
carbonyl  group  of  strophanthidin  is  oxidized  in  the  process  of 
the  formation  of  this  acid. 

The  ester  forms  a  benzoate.  Accordingly,  7  of  the  8  ox^'gen 
atoms  contained  in  the  acid  have  been  accounted  for.  This 
would  indicate  that  the  main  polj^cyclic  skeleton 'of  the  strophan- 
thidin molecule  is  composed  only  of  carbon  atoms.  The  rela- 
tionship of  this  acid  to  strophanthidin  is,  at  the  moment,  obscure, 
but  the  oxidation  of  the  carbonyl  group  to  carboxyl  probably 
occurs  in  a  manner  similar  to  that  discussed  in  the  case  of  the 
following  substance.  Unlike  the  latter,  the  lactone  ring  is  prob- 
ably analogous  to  that  contained  in  isostrophanthidin. 

Wlien  strophanthidin  is  oxidized  in  the  cold  in  acetone  solu- 
tion with  permanganate,  a  mono-basic  acid  is  obtained,  for  which 
the  formula  C23H30O7 -11120  has  been  derived.  The  analysis 
of  the  anhydrous  substance  was  rendered  difficult  by  the  de- 
composition experienced  w'hen  attempts  were  made  to  remove 
the  water  of  crystallization.  The  above  fornmla  was  confirmed 
by  analysis  of  the  silver  salt  and  the  methyl  ester.  From  its 
behavior  toward  boiling  alkali,  the  acid  still  possesses  the  lactone 
ring  of  strophanthidin.  The  methyl  ester,  however,  no  longer 
reacts  with  ketone  reagents,  and,  in  this  respect,  resembles  the 
ester  of  the  previously  described  di-basic  acid.  It  is  suggested, 
as  pictured  below,  that  the  carbonyl  group  is  attached  to  a  ter- 
tiary carbon  atom  and,  when  oxidized,*  it  is  changed  to  carboxyl. 
The  resulting  tertiary  alcoholic  hydroxyl  is  then  removed  as  water. 
At  the  same  time  2  hydrogen  atoms,  elsewhere  in  the  molecule, 
must  be  removed.  Attempts  to  detect  the  presence  of  olefin 
linkings  by  reduction 
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of  the  ester  with  palladium  and  hAalrogen  were  unsuccessful. 
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The  ester  forms  a  benzoate,  so  that  the  alcoholic  group  is 
presumably  the  same  as  that  in  strophanthidin  which  also  forms 
a  benzoate.  Contrary,  however,  to  the  behavior  of  strophan- 
thidin, which  cannot  be  recovered  after  saponification  of  its 
lactone  group,  this  acid  may  be,  in  part,  recovered  after  such 
treatment. 

Attempts  to  oxidize  the  above  unsaponified  acid  in  neutral 
solution  with  permanganate  did  not  yield  a  tangible  product. 
After  saponification,  however,  this  reagent  produced  a  di-basic 
acid,  C23H30O8,  isomeric  with  the  previously  discussed  strophan- 
thic  acid  of  Feist,  and  Windaus  and  Hermanns.  Contrary  to 
the  behavior  of  the  latter,  however,  the  new  acid  no  longer  con- 
tains the  lactone  ring.  Instead,  its  dimethyl  ester  reacts  with 
ketone  reagents. 

It  may  be  concluded  that  the  secondary  alcoholic  group  con- 
tained in  the  lactone  ring  of  the  acid  C23H30O7,  when  once  liberated 
by  saponification  to  the  di-basic  acid,  C23H32O8,  is  oxidized  to 
the  carbonyl  group  of  the  acid  C23H30O8.  Since  strophanthidin 
possesses  an  analogous  lactone  ring,  the  internal  ester  of  this 
compound  is  presumably  likewise  that  of  a  secondary  alcoholic 
hydroxyl  group.  The  dimethyl  ester  of  the  acid  C23H30O8  still 
yields  a  monobenzoate. 

Although,  on  boiling  the  above  acid  with  alkali,  no  evidence 
was  obtained  of  the  presence  of  a  lactone  group,  curiously  enough 
when  the  alkaline  mixture  was  reacidified,  the  original  acid 
could  not  be  recovered.  Instead,  a  new  di-basic  acid  was  ob- 
tained with  quite  different  properties.  The  analysis  of  the 
acid  suggested  the  formula  C23H32O9.  According  to  this,  its 
formation  was  due  to  the  addition  of  water  to  the  molecule  of 
the  original  acid.  The  new  acid  yielded  a  dimethyl  ester  which, 
in  turn,  gave  an  oxime  and  a  monobenzoate.  However,  a  con- 
stant error  of  about  0.6  to  0.7  per  cent  high  in  the  carbon  deter- 
minations on  the  acid,  ester,  and  the  benzoate  will  require  ex- 
planation. 

It  is  obvious  that  the  oxidative  degradation  of  strophanthidin 
presents  the  same  difficulties  which  have  been  experienced  with 
other  members  of  the  group  of  saturated  polycyclic  carbon  com- 
pounds. 
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EXPERIMENTAL. 

The  Oxidation  of  Strophanthidin. 

The  Acid  Cn-iHsoOj. — 50  gm.  of  stro])lianthidin  were  dissolved 
in  2,000  cc.  of  acetone  which  had  been  carefully  dried  over  cal- 
cium chloride  and  then  distilled.  The  solution  was  turbined, 
chilled  to  0-5°,  and  then  treated  with  25  gni.  of  powdered  potas- 
sium permanganate.  Oxidation  occurred  slowly  with  the  gradual 
deposition  of  Mn02  mixed  with  salts  of  the  acid  oxidation  prod- 
ucts. After  about  2  hours  during  which  the  temperature  was 
maintained  the  permanganate  was  completely  used  up.  The 
collected  precipitate  was  washed  with  acetone  and  then  shaken 
up  with  water.  The  filtrate  from  Mn02  was  concentrated  to 
about  150  cc.  and  acidified  with  acetic  acid.  The  crude  acid, 
which  partly  precipitated  as  a  gum,  slowly  crystallized  on  stand- 
ing and  rubbing.  The  collected  substance  was  suspended  in 
water  and  dissolved  by  the  addition  of  ammonia  in  slight  excess. 
A  very  small  amount  of  material,  which  proved  to  be  unchanged 
strophanthidin,  remained  undissolved.  The  genth'  warmed 
solution  on  acidification  yielded  the  acid  as  colorless  rhombic 
leaflets.     The  yield  was  13  gm. 

The  acetone  filtrate  from  the  above  reaction  mixture  was  con- 
centrated to  dryness.  The  resinous  residue  crystallized  when 
treated  with  dilute  ammonia.  The  crystals  consisted  of  unchanged 
strophanthidin  (6.7  gm.).  The  filtrate  from  the  crystals, 
when  concentrated  and  acidified  with  acetic  acid,  yielded  a  small 
amount  of  a  gummy  precipitate  which  was  followed  after  seeding 
by  a  small  quant itj^  of  the  above  described  acid.  No  other 
crystalline  product  was  obtained  from  the  reaction  mixture. 

For  analysis,  the  main  fraction  was  recrystallized  by  dissolving 
in  a  small  volume  of  hot  95  per  cent  alcohol  and  adding  an  equal 
volume  of  water.  The  acid  slowly  deposited  as  a  crust  of  small, 
glistening,  four-sided,  stout  plates  or  leaflets  which  contained, 
when  air-dr}^  approximately  0.5  molecule  of  water  of  crystalli- 
zation. 

The  substance  softens  above  175°  and  melts  and  effervesces 
at  185-190°  although  the  melting  point  is  considerably  influenced 
by  the  rate  of  heating. 
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[<x]o  =  +54.8°  (c  =  1.005  in  methyl  alcohol). 

It  is  readily  soluble  in  methyl  and  ethyl  alcohols,  acetone,  and 
acetic  acid,  and  very  sparingly  soluble  in  chloroform,  benzene, 
and  ether.  It  dissolves  completely  in  carbonate  solution.  In 
concentrated  sulfuric  acid  it  gives  a  yellow  color  which  changes 
rapidly  through  orange  and  red  to  a  permanganate  purple. 

The  analysis  was  made  somewhat  uncertain  by  the  difficulty 
of  the  complete  removal  of  the  water  from  the  substance  without 
accompanying  decomposition. 

Air-dry  substance. 

CssHsoOy-IHsO.     Calculated.     C  64.60,  H  7.31. 
Found,  (a).    "  64.52,  "  7.63. 
(b).    "  64.27,  "  7.53. 
Dried  at  100^  in  vacuo  over  CaCli. 

CosHsoOy-IHoO.     Calculated.     HoO  2.10. 
Found.  "     1.77. 

Anhydrous  substance. 

C03H30O7.     Calculated.     C  65.99,  H  7.23. 
Found.  "  65.62,  "  7.46. 

The  acid  still  possesses  the  lactone  group  contained  in  strophan- 
thidin which  was  readily  determined  as  follows: 

0.1993  gm.  of  air-dry  substance  was  dissolved  in  a  few  cc.  of 
acetone,  diluted  with  water,  and  titrated  with  0.1  n  NaOH, 
using  phenolphthalein  as  an  indicator.  4.50  cc.  of  alkali  were 
required.  The  calculated  volume  for  C23H.3o07'|H20  is  4.67  cc. 
A  solution  of  0.2007  gm.  of  the  acid  in  25.35  cc.  of  0.1  n  NaOH 
was  refluxed  for  45  minutes  and  then  titrated  back.  9.45  cc. 
of  0.1  N  NaOH  were  used;  9.40  cc.  are  required  by  theory. 

Strophanthidin,  when  once  saponified  by  alkali,  cannot  be 
recovered  as  such,  but  only  as  the  isomeric  isostrophanthidin. 
The  above  acid,  on  the  contrary,  may  be  partly  recovered  after 
saponification.  0.5  gm.  was  dissolved  in  10  cc.  of  10  per  cent 
NaOH  and  allowed  to  stand  24  hours  at  room  temperature. 
On  acidification  with  acetic  acid,  0.2  gm.  of  the  original  acid  was 
recovered  as  shown  by  melting  point  and  properties.  The  mother 
liquor  yielded  a  small  additional  amount  after  concentration. 

Silver  Salt. — As  additional  evidence  for  the  formula  adopted 
for  the  acid,  the  silver  salt  was  prepared.  The  acid  was  dissolved 
in  about  100  parts  of  water  with  a  slight  excess  of  ammonia  which 
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was  then  boiled  off.  The  still  hot  solution  when  treated  with 
silver  nitrate  solution  yielded  glistening  six-sided  leaflets.  The 
collected  salt  was  suspended  in  water  and  dissolved  by  the  care- 
ful addition  of  ammonia.  The  solution  Avas  then  diluted  and 
treated  with  acetic  acid  in  slight  excess.  On  standing,  a  small 
deposit  of  impurities  formed  from  which  the  clear  solution  was 
filtered.  After  a  few  days  in  the  refrigerator  this  deposited  a 
crust  of  small  plates  and  prisms  which  were  stable  to  light. 

Air-dry  substance  (dried  at  100°  in  vacuo  over  HoSOi). 

C23H29O7  Ag-  2H2O.     Calculated.     H2O  6.42. 
Found.  "     6.65. 

Anhydrous  substance. 

C23H29O7  Ag.     Calculated.     C  52.56,  H  5.57,  Ag  20.55. 

Found,  (a).     "52.41,    "5.72,    "  20.45. 

(b).  "   20.67. 

The  Methyl  Ester. — The  above  acid  was  esterified  in  acetone 
solution  b}^  diazomethane.  The  ester  readily  crystallized  after 
removing  the  solvent.  Recrystallized  from  methyl  alcohol, 
it  formed  colorless,  six-sided  tablets  which  soften  above  150° 
and  slowly  froth  up  at  about  160-163°.  It  dissolves  in  alcohol, 
chloroform,  and  hot  benzene,  and  less  readily  in  ether.  In  con- 
centrated sulfuric  acid,  the  initial  yellow  color  gradually  deepens 
to  an  orange  and  finally  to  an  orange-red  with  a  purple  fluores- 
cence. 

[aVo  =  57.6°  (c  =  1.007  in  methyl  alcohol). 
Air-dry  substance  (dried  in  vacuo  at  100°  over  H2SO4,). 

C24H32O7H2O.     Calculated.     H2O  4.00. 
Found,  (a).       "     4.36. 
(b).       "     4.27. 
Anhydrous  substance. 

C24H32O7.     Calculated.     C  66.63,  H  7.46. 

Found,  (a).    "  66.66,  "  8.10. 

(b).    "  66.49,  "  7.63. 

Attempts  to  prepare  from  the  ester  an  oxime  and  a  phenyl- 
hydrazone  resulted  only  in  the  recovery  of  unchanged  starting 
material.  It  may  be  concluded,  therefore,  that  the  carbonyl 
group  contained  in  strophanthidin  is  no  longer  present  in  the 
acid  obtained  from  it  and  the  free  carboxyl  group  in  the  latter 
is  presumably  formed  by  oxidation  of  this  carbonyl  group. 
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On  the  contrary,  the  formation  of  a  benzoyl  compound  from 
the  ester  would  suggest  the  retention  of  the  alcoholic  group  of 
strophanthidin  which  yields  a  monobenzoate. 

The  Benzoate. — 1.4  gm.  of  the  methyl  ester  were  dissolved  in 
20  cc.  of  dry  pyridine  and  the  solution  after  chilling  was  treated 
with  2  cc.  of  benzoyl  chloride.  After  1  hour,  the  mixture  was 
poured  into  dilute  sulfuric  acid.  The  precipitated  oil  crystallized 
readily  when  treated  with  alcohol.  After  several  recrystalliza- 
tions  from  methyl  alcohol,  it  formed  colorless  minute  prisms 
which  melted  at  243-244°  (corrected).  The  substance  dissolves 
easily  in  acetone  and  chloroform  but  is  practically  insoluble  in 
benzene  or  ether. 

[afo  =  61.0°  (c  =  1.004  in  acetone). 
CsiHseOs.     Calculated.     C  69.37,  H  6.77. 
Found,  (a).     "  69.10,  "  6.76. 
(b).    "  69.12,  "  6.81. 

Oxidation  of  the  Acid     C23H30O7. 

The  Acid  C^sHsqOs. — Attempts  to  oxidize  further  the  acid 
C23H30O7  under  conditions  in  which  the  lactone  group  had  been 
left  intact  have  thus  far  given  unpromising  results.  After  sa- 
ponification, however,  the  liberated  secondary  alcoholic  group 
was  readily  oxidized  by  permanganate  to  a  carbonyl  group. 

10  gm.  of  the  acid  C23H30O7 -51120  were  dissolved  in  lOO  cc. 
of  4  per  cent  NaOH.  The  solution  was  allowed  to  stand  at  25° 
for  1  hour  for  saponification  and  was  then  diluted  to  1,000  cc. 
200  cc.  of  5  per  cent  permanganate  were  added  to  the  turbined 
mixture.  The  reaction  rapidly  completed  itself,  and  the  tem- 
perature rose  to  27°.  100  cc.  of  normal  acetic  acid  were  then 
added  and  the  mixture  was  filtered.  The  filtrate  was  concen- 
trated to  about  100  cc.  under  reduced  pressure  and  then  acidified 
strongly  to  Congo  red  with  sulfuric  acid.  A  partly  crystalline 
precipitate  slowly  formed.  After  standing  in  the  refrigerator  for  a 
day  the  collected  acid  was  dissolved  in  a  necessarily  large  volume 
of  hot  alcohol.  Since  the  substance  separated  but  incompletely 
on  cooling,  the  filtrate  was  concentrated  to  about  100  cc.  About 
5  gm.  of  colorless,  minute,  flat  needles  or  platelets  separated. 
This  material  even  after  repeated  recrystallization  from  alcohol 
ga,ve  analytical  results  which  were  0.8  per  cent  high  in  carbon. 
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This  was  unquestionably  caused  by  a  sparingly  soluble  by-prod- 
uct of  the  reaction.  The  acid  was  eventually  purified  over  the 
barium  salt  which  will  be  described  below.  The  barium  salt, 
suspended  in  a  small  volume  of  water,  dissolved  when  acidified 
with  hydrochloric  acid.  On  rubbing,  the  acid  separated.  The 
collected  material  was  dissolved  in  dilute  ammonia  and  again  made 
to  crystallize  by  addition  of  acid.  It  formed,  when  allowed  to 
crystallize  undisturbed,  minute,  glistening,  pyramided  prisms 
which  contained  2  molecules  of  water  of  crystallization.  If 
allowed  to  crystallize  rapidh^  the  acid  may  separate  as  globular 
aggregates  of  minute  needles  which  are  practically  anhydrous.  It 
crystallizes  from  alcohol  in  anhydrous  form  which  melts  and 
effervesces  at  276-278°  with  preliminary  sintering.  The  hydrate 
effervesces  at  268-270°  with  preliminary  sintering  and  discolor- 
ation. The  latter  dissolves  fairly  readity  in  hot  water,  but  the  an- 
hydrous acid  gradually  separates.  Otherwise,  either  form  of  the 
acid  is  difficultly  soluble  in  the  usual  solvents.  It  dissolves  in 
sulfuric  acid  with  a  yellow  color  which  changes  through  orange 
to  red  with  a  green  fluorescence. 

[a]o  =  28.0°  (c  =  0.995  in  pyridine). 
Air-dry  substance  (dried  in  vacuo  over  HnSOi). 

C23H3o08-2H20.     Calculated.     HoO  7.6G. 
Found.  "     8.17. 

Anhydrous  substance. 

C23H30O8.     Calculated.     C  63.56,  H  6.96. 

Found,  (a).    "  63.69,  "  6.94. 

(b).    "  63.71,  "  6.94. 

0.1644  gm.  of  anlwdrous  substance  was  suspended  in  a  small 
volume  of  water  and  titrated  with  0.1  n  NaOH,  using  phenol- 
phthalein  as  indicator.  7.9  cc.  were  required.  Calculated  for 
the  molecular  weight  434.24,  7.6  cc. 

0.0571  gm.  of  anhydrous  substance  was  refluxed  for  1  hour  in 
15.0  cc.  of  0.1  N  NaOH.  3.00  cc.  were  required.  Calculated 
for  two  equivalents,  2.65  cc. 

Although  the  titration  after  boiling  with  alkali  seems  to  ex- 
clude the  presence  of  a  lactone  group,  the  acid  cannot  be  recovered 
as  such  but  is  converted  into  the  acid  below. 

Barium  Salt. — 1.5  gm.  of  the  above  acid  were  dissolved  in  150 
cc.  of  water  containing  a  slight  excess  of  ammonia  and  the  sola- 
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tion  was  treated  with  barium  chloride  solution.  On  concen- 
trating under  reduced  pressure,  the  salt  separated  incompletely 
as  glistening,  silky  needles.  The  mother  liquor  yielded  additional 
amounts.  The  salt  was  recrystallized  by  dissolving  in  hot 
v/ater  and  since  it  showed  little  tendency  to  separate,  the  solu- 
tion was  concentrated  to  cr3'stallization.  The  air-dried  salt 
contained  6  molecules  of  water  of  crystallization.  For  the  com- 
bustion it  was  necessary  to  use  lead  chromate. 

Air-dried  substance  (dried  in  vacuo  at  100°  over  HsSOt). 
CssHasOsBa-GHaO.     Calculated.     H.O  15.95. 
Found.  "     16.30. 

Anhydrous  substance. 

C23H28O8  Ba.     Calculated.     C  48.46,  H  4.92,  Ba  24.12. 
Found.  "48.26,    "5.16,    "   24.77. 

The  Dimethyl  Ester.- — ^A  suspension  of  the  acid  in  acetone 
reacted  at  once  with  diazomethane.  Evaporation  of  the  solvent 
left  a  residue  of  rhombic  platelets  which  were  collected  with 
ether.  Recrystallized  from  methyl  alcohol,  the  ester  formed 
four-sided  platelets  and  prisms  which  sintered  at  about  246° 
and  melted  with  effervescence  at  251-252°.  The  ester  is  soluble 
in  alcohol,  chloroform,  and  acetone,  and  very  sparingly  soluble 
in  benzene  or  ether.  It  dissolves  in  concentrated  sulfuric  acid 
with  a  play  of  color  through  orange  to  deep  red  with  a  greenish 
fluorescence. 

[aJo  =  -12.0°  (c  =  1.000  in  acetone). 
C25H34O8.     Calculated.     C  64.90,  H  7.41. 
Found,  (a).     "  64.84,  "  7.27. 
(b).    "  64.79,  "  7.15. 

The  Benzoate  of  the  Dimethyl  Ester. — This  was  prepared  in  the 
usual  way  from  1.5  gm.  of  the  ester  in  pyridine 'solution  with  an 
excess  of  benzoyl  chloride.  After  1  hour,  the  reaction  mixture 
when  poured  into  acid  gave  a  slowly  crj^stallizing  oil.  The 
collected  material  was  recrystallized  from  method  alcohol,  the 
operation  requiring  a  large  volume.  1.3  gm,  of  thin  platelets, 
which  melted  with  decomposition  at  249-251°,  were  obtained. 
The  substance  dissolves  readily  in  chloroform  and  pyridine, 
appreciably  in  acetone,  and  sparingh'  in  hot  alcohol.  It  is  prac- 
tically insoluble  in  ether  and  ligroin.  In  concentrated  sulfuric 
acid  it  gives  the  same  reaction  as  the  original  ester. 
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[«]!)  =  7.5°  (c  =  1.0G4  in  acetone). 
C30H38O9.    Calculated.     C  67.81,  H  6.76. 
Found,  (a).    "  67.73,  "  6.61. 
(b).    "  67.96,  "  6.57. 

The  Phenylhydrazone  of  the  Dimethyl  Ester. — 1.7  gra.  of  the 
ester  were  heated  on  the  water  bath  with  20  cc.  of  acetic  acid 
and  2  gm.  of  phenj-lhydrazone.  Stout  crystals  separated  after 
30  minutes.  The  collected  substance  was  washed  with  acetic 
acid,  llecrystallized  from  methyl  alcohol,  it  formed  lustrous 
platelets  with  a  slightly  yellowish  tinge  which  melted  and  de- 
composed at  265-266°.  It  is  sparingly  soluble  in  the  cold  in  the 
usual  solvents. 

C3,H4o07N2.     Calculated.     C  67.35,  H  7.30. 

Found,  (a).     "67.58,    "7.27. 

(b).     "67.75,    "7.27. 

The  Oxime  of  the  Methyl  Ester. — 1  gm.  of  the  ester  was  refluxed 
for  2  hours  in  20  cc.  of  methyl  alcohol  together  with  0.5  gm.  of 
hydroxylamine  hydrochloride  and  2  gm.  of  sodium  acetate. 
The  alcohol  was  boiled  off  and  the  residue  made  to  crystallize 
by  the  addition  of  water.  From  dilute  methyl  alcohol  lustrous, 
flat  needles  were  obtained  which  are  appreciably  soluble  in  alcohol, 
acetone,  and  chloroform  and  but  little  soluble  in  ether  or  benzene. 
It  melts  with  decomposition  at  272-274°  with  preliminary  darken- 
ing and  sintering. 

C25H36O8N.     Calculated.     C  62.85,  H  7. .39. 

Found,  (a).     "  63.00,   "7.48. 

(b).     "  62.97,   "  7.40. 

The  Acid  CozHsoOg. — 9.5  gm.  of  the  above  described  acid, 
C23H30O8,  were  dissolved  in  100  cc.  of  2  per  cent  sodium  hydroxide 
solution  and  the  mixture  was  then  heated  on  the  water  bath  for 
30  minutes.  When  acidified  with  25  per  cent  sulfuric  acid,  the 
original  substance  was  not  obtained  but  a  new  acid  separated  on 
rubbing  as  a  thick  paste  of  delicate  needles.  The  collected  acid 
was  washed  with  ice  water.  The  yield  was  7.6  gm.  Recrystal- 
lized  from  a  small  volume  of  water,  the  substance  separates  as 
colorless,  glistening  needles,  containing  when  air-dry,  2.5  mole- 
cules of  water  of  crystallization.     It  melts  and  effervesces  at 
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185-187°.  It  dissolves  easily  in  alcohol  and  appreciably  in  water 
and  acetone.  In  sulfuric  acid  it  gives  at  first  a  yellow  color 
which  changes  to  a  red  with  green  fluorescence. 

Air-dry  substance. 

[afo  =  -  37.0°  (c  =  1.206  in  pyridine). 
Air-dry  substance  (dried  at  100°  in  vacuo  over  HiSOi). 

C2.H3209-2iHoO.    Calculated.    H2O  9.05. 
Found.  "     8.76. 

Anhydrous  substance. 

C23H32O9.    Calculated.    C  61.03,  H  7.13. 

Found,  (a).     "  61.63,  "  7.02. 

(b).    "  61.75,  "  7.15. 

After  recrystaflization  from  water,  the  anatytical  figures  re- 
mained unchanged.  The  high  carbon  values  for  this  acid  as 
well  as  the  similar  high  carbon  values  which  were  obtained  on 
analysis  of  the  ester  to  be  described  below  and  the  benzoate 
obtained  from  it  are  at  present  difficult  to  explain.  The  discrep- 
ancy is  not  great,  but  it  has  appeared  too  consistently  to  be 
ignored.  The  analysis  of  the  oxime,  however,  has  given  figures 
in  better  agreement  vv^ith  the  postulated  formula.  For  the 
present,  we  see  no  reason  against  the  provisional  acceptance  of 
the  formula  C23H.32O9  for  the  acid.  According  to  this  view,  it 
is  formed  by  the  addition  of  a  molecule  of  water  to  the  acid 
C23H30O8.  That  this  is  not  due  to  the  opening  up  ,of  a  lactone 
was  shown  above  by  the  titration  of  the  latter  acid  before  and  after 
boiling  with  excess  alkali.  In  accordance  with  this,  the  acid 
C23H32O9  when  titrated  gave  figures  for  a  di-basic  acid.  0.0890 
gm.,  when  suspended  in  water,  required  4.30  cc.  of  0.1  n  NaOH, 
using  phenolphthalein  as  an  indicator.  The  calculated  volume 
is  3.95  cc.  for  a  di-basic  acid  C23H32O9. 

Until  further  data  are  obtained,  it  will  be  difficult  to  interpret 
the  relationship  of  this  acid  to  that  from  which  it  was  obtained. 

The  Dimethyl  Ester. — -A  suspension  of  the  acid  in  acetone 
reacted  smoothly  with  diazomethane  with  the  formation  of  a 
clear  solution.  After  removing  the  acetone,  the  ester,  which 
slowly  crystallized,  was  collected  with  ether.  The  addition  of 
water  to  the  solution  in  methyl  alcohol  caused  the  gradual  dep- 
osition of  a  crust  of  glistening  prisms.  Recrystallized  again 
for  analysis,  the  ester  melted  at  205-206°.     Repeated  recrystal- 
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lization  as  above  or  from  dry  acetone  did  not  alter  the  analytical 
result,  the  carbon,  as  in  the  case  of  the  acid,  being  about  0.6 
per  cent  too  high.  The  substance  is  soluble  in  alcohol,  chloro- 
form, and  acetone,  and  but  sparingly  so  in  benzene  and  ether. 
In  sulfuric  acid  it  gives  the  same  play  of  colors  shown  by  the  acid. 
In  acetone  solution,  it  showed  no  appreciable  rotation,  c  =  1.000. 


Calculated. 

C  62.46, 

H7.52. 

Found,  (a). 

"  63.06, 

"  7.72. 

(b). 

"  63.06, 

"  7.69. 

The  Benzoate  of  the  Dimcihyl  Ester. — 1.5  gm.  of  the  ester  were 
benzoylated  in  20  cc.  of  pyridine  with  3  cc.  of  benzoyl  chloride. 
After  standing  1  hour  the  mixture  was  poured  into  an  excess  of 
dilute  sulfuric  acid.  The  pasty  precipitate,  which  could  not  be 
made  to  cr^'stallize,  was  shaken  out  with  ether.  The  ether 
extract,  washed  successively  with  acid,  water,  dilute  carbonate 
solution,  and  finally  water,  was  dried  and  concentrated.  The 
colorless  sja-up  slowly,  but  only  partly,  crystallized  on  standing, 
which  was  facilitated  by  the  addition  of  ether.  0.6  gm.  was 
obtained.  Recrystallized  by  dissolving  in  a  small  volume  of 
methyl  alcohol  and  adding  an  equal  volume  of  water,  it  formed 
microscopic  plates  and  prisms  which  melted  at  172-174°.  The 
substance  is  readily  soluble  in  alcohol,  acetone,  chloroform,  and 
benzene,  and  with  difficulty  in  ether. 

C,2H4oOio.     Calculated.     C  65.72,  H  6.90. 

Found,  (a).     "  66.33,  "6.94. 

(b).     "  66.30,  "  6.99. 

The  Oxime  of  the  Dimethyl  Ester. — A  mixture  of  1.5  gm.  of  the 
ester,  0.5  gm.  of  hydroxylamine  hydrochloride,  and  2  gm.  of 
sodium  acetate  in  20  cc.  of  methyl  alcohol  was  refluxed  for  2 
hours.  Concentration  of  the  solution  and  addition  of  water 
yielded  a  gum  which  crystallized  after  a  day  or  so.  Recrystal- 
lized by  addition  of  water  to  its  methyl  alcoholic  solution,  and 
seeding,  it  forms  minute,  rhombic  prisms  which  when  air-dry 
contain  1  molecule  of  water  of  crystallization.  This  is  held  very 
tenaciously  and  it  required  rather  long  heating  under  reduced 
pressure  over  sulfuric  acid  to  remove  the  water  completely  for 
analysis.     The  substance  melts  and  slowly  frqths  up  at  158-160° 
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with  preliminary  sintering.     It  is  soluble  in  alcohol  and  acetone, 
and  verj^  sparing^  in  chloroform,  benzene,  and  ether. 

Air-dry  substance  (dried  at  100°  in  vacuo  over  HiSOi). 

CaoHsTODN-HsO.    Calculated.    H2O  3.51. 
Found.  "     3.30. 

Anhydrous  substance. 

C25H37O9N.    Calculated.     C  GO. 57,  H  7.53. 

Found,  (a).     "  60.38,   "  7.69. 

(b).    "  60.36,  "  7.49. 

Oxidation  of  Strophanthidin  after  Saponification. 

Strophanthic  Acid. — In  all  attempts  to  oxidize  strophanthidin 
by  the  method  of  Feist,  i.e.,  permanganate  in  alkaline  solution, 
we  have  obtained  an  obviously  impure  amorphous  acid  as  the 
main  product  of  the  reaction.  The  crystalline  strophanthic 
acid  of  Feist  was  isolated  only  in  relatively  small  amount.  Since 
strophanthidin  is  easily  subjected  to  a  rather  obscure  alteration 
on  boiling  with  alkali  we  have  attempted  to  avoid  this  as  much 
as  possible  by  opening  up  the  lactone  group  by  the  method  used 
by  Windaus  and  Hermanns  in  their  titration  of  this  substance. 
After  many  experiments  the  following  method  was  found  to  give 
the  best  results: 

50  gm.  of  strophanthidin  were  refluxed  for  1  hour  in  a  mixture 
of  5,000  cc.  of  alcohol  and  3,750  cc.  of  0.1  n  sodium  hydroxide 
solution.  The  solution  was  then  concentrated  under  diminished 
pressure  to  remove  all  alcohol,  diluted  to  5  liters,  and  then  oxi- 
dized by  the  gradual  addition  of  900  cc.  of  5  per  cent  permanga- 
nate solution  to  the  turbined  mixture.  Toward  the  end,  the 
permanganate  disappeared  very  slowly.  The  filtrate  was  acidi- 
fied with  acetic  acid  and  concentrated  under  diminished  pressure 
to  about  200  cc.  The  further  addition  of  acetic  acid  in  excess 
was  followed  after  seeding  by  the  slow  deposition  of  the  crystal- 
line acid  which  was  accelerated  by  warming  the  mixture.  The 
collected  acid  was  washed  with  a  little  50  per  cent  acetic  acid 
and  then  with  water.  The  yield  was  7  gm.  Acidification  of 
the  mother  liquor  to  Congo  red  with  sulfuric  acid  caused  a  gummy 
precipitate  to  form  which  could  not  be  made  to  crystallize.  The 
crystalline  acid  was  suspended  in  a  small  volume  of  50  per  cent 
alcohol,  dissolved  by  the  addition  of  ammonia,  and  then  repre- 
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cipitatcd  with  dilute  sulfuric  acid.  Recrystallized  again  from 
dilute  alcohol,  it  formed  needles  which  melt  and  effervesce  at 
about  270°  (260.8°  according  to  Feist).  To  the  properties  re- 
corded bj^  Feist  we  may  add  that  in  concentrated  sulfuric  acid 
it  gives  a  yellow  color  changing  gradually-  through  orange  to  red. 
In  methyl  alcohol  [a]l  is  -22.0°  (c  =  l.boO). 

CasHsoOs.    Calculated.    C  63.56,  H  6.96. 

Found,  (a).    "  6.3.4.3,  "  7.33. 

(b).    "  63.45,  "  7.30. 

From  the  analytical  data  we  have  adopted,  in  agreement  with 
Windaus  and  Hermanns,  the  formula  C23H30O8  for  the  acid. 
Contrary  to  Feist,  however,  the  behavior  of  the  substance  to- 
wards alkali  has  shown  it  to  be  a  lactone  acid.  The  explanation, 
postulated  by  Windaus  and  Hermanns,  that  the  substance  orig- 
inates by  the  conversion  of  a  CH3  group  to  COOH  in  the  acid 
obtained  by  saponification  of  strophanthidin  is  therefore  un- 
tenable. 

0.2000  gm.  was  suspended  in  water  and  dissolved  in  the  cold 
by  the  addition  of  a  slight  excess  of  0.1  n  NaOH.  On  titrating 
back  to  phenolphthalein,  9.10  cc.  were  used.  The  calculated 
amount  for  a  di-basic  C23H30O8  acid  is  9.18  cc.  The  opening  of 
the  lactone  group  reqv.ires  somewhat  more  vigorous  treatment 
than  in  the  method  used  by  Windaus  and  Hermanns  for  strophan- 
thidin. 0.2004  gm.  of  the  acid  refluxed  for  2  hours  in  25.0  cc.  of 
0.1  N  NaOH  consumed  14.00  cc.  of  the  alkali.  The  calculated 
amount  for  3  COOH  is  13.80  cc.  On  acidification  of  the  mixture, 
the  original  acid  rapidly  crj'stallized  and  was  almost  quantita- 
tively recovered.  This  is  contrar}^  to  the  behavior  of  strophan- 
thidin which  is  converted,  under  these  conditions,  into  an  iso- 
meric modification,  isostrophanthidin.  We  believe  that  this  acid 
is  in  reality  an  oxidation  product  of  the  latter.  Since  the  ester 
no  longer  reacts  with  ketone  reagents,  the  carbonyl  group  is  no 
longer  present.  However,  the  formation  of  a  benzoate  shows 
the  retention  of  an  alcoholic  group.  In  this  acid  four  of  the  eight 
oxygens  present  are  accounted  for  in  the  two  carboxjds,  two  in 
the  lactone  group,  and  one  in  an  alcoholic  group. 

The  Dimethyl  Ester. — This  was  prepared  with  diazomethane 
in   accordance  with   Windaus   and   Hermanns.     These   workers 


Walter  A.  Jacobs  567 

report  a  melting  point  of  214°.  Our  substance  melted  at  251- 
253°.  The  substance  was  soluble  in  alcohol,  acetone,  and  chloro- 
form, and  with  difficult}''  in  benzene  and  ether.  In  experiments 
to  prepare  the  phenylhydrazone  the  ester  was  recovered  un- 
changed. 

[afo  =  -28.0°  (c  =  0.995  in  methyl  alcohol). 
C25H34O8.     Calculated.     C  64.90,  H  7.41. 
Found,  (a).     "  64.90,  "  7.63. 
(b).    "  64.70,  "  7.51. 

The  Benzoate  of  the  Dimethyl  Ester. — This  was  prepared  as 
usual  from  the  ester  in  pyridine  with  benzoyl  chloride.  Re- 
crystallized  from  methyl  alcohol,  it  formed  glistening  prisms  which 
melt  at  233-235°.  It  is  soluble  in  chloroform  and  acetone,  and 
particularly  on  warming  in  alcohol,  ether,  or  benzene.  The 
solution  in  acetone  quickly  deposits  delicate  needles  which  prob- 
ably contain  solvent. 

[alo  =  -7.0°  (c  =  1.007  in  acetone). 
C32H3SO9.     Calculated.     C  67.81,  H  6.76. 
Found,  (a).    "  67.70,  "  6.69. 
(b).    "  67.70,  "  6.83. 
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STROPHANTHIN. 
III.   CRYSTALLINE  KOMBE  STROPHANTHIN— PRELIMINARY  NOTE. 

By  WALTER  A.  JACOBS. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  July  14,  1923.) 

Feist,'  in  1900,  was  the  first  to  attempt  a  careful  study  of  the  carbohy- 
drate contained  in  strophanthin.     His  material,  which  was  obtained  from 

C.  F.  Boehringer  Sons  of  Waldhof,  was  supposedly  Kombe  strophanthin. 
The  conclusion  was  reached  that  the  sugar  contained  in  the  drug  is  the 
methyl  ester  of  a  disaccharide  of  mannose  and  rhamnose.  More  recently, 
in  1913,  Brauns  and  Closson-  worked  with  identified  Kombe  seeds  and  were 
unable  to  confirm  the  findings  of  Feist.  On  distillation  with  acid,  crj-s- 
talline  Kombe  strophanthin  as  well  as  several  commercial  samples  failed 
to  give  any  appreciable  amounts  of  methyl  furfural.  The  conclusion  was 
reached  that  Kombe  strophanthin  contains  no  rhamnose.  However,  no 
suggestion  was  offered  as  to  the  real  nature  of  the  sugar. 

In  the  year  previous  to  the  appearance  of  the  above  work,  Heffter  and 
Sachs^  published  their  study  of  strophanthin  prepared  both  from  identified 
Strophanthus  hispidus  and  commercial  Kombe  seeds.  They,  were  unable  to 
prepare  an  osazone  from  the  strongly  reducing  sugar  fraction  obtained 
from  either  of  these  glucosides.     For  this  no  explanation  was  offered. 

Following  certain  preliminary  observations  we  obtained  a  quan- 
tity of  seeds  from  the  open  market  which  gave  uniformly  the 
green  color  with  sulfuric  acid  which  is  regarded  as  characteristic 
for  the  genuine  Kombe  seed.  From  this  material  the  crystalline 
glucoside,  which  agreed  in  all  properties  with  those  described  by  the 
above  workers,  was  readily  isolated. 

In  addition,  however,  it  was  found  that  the  substance,  when 
dissolved  in  acetic  acid  containing  ferrous  sulfate  and  then  treated 
with  a  few  drops  of  sulfuric  acid,  quickly  yielded  a  deep  purple 

1  Feist,  F.,  Ber.  Chem.  Ges.,  1898,  xxxi,  534;  1900,  xxxiii,  2069. 

2  Brauns,  D.  H.,  J.  Am.  Pharmaceut.  Assn.,  1913,  ii,  489,  604.     Brauns, 

D.  H.,  and  Closson,  O.  E.,  /.  Am.  Pharmaceut.  Assn.,  1913,  ii,  715. 

3  Heffter,  A.,  and  Sachs,  F.,  Biochem.  Z.,  1912,  xl,  83. 
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solution  which,  on  sHght  dilution  with  water,  changed  to  a  blue.'' 
The  same  test  was  given  by  a  sample  of  crystalline  Kombe 
strophanthin  kindly  furnished  us  by  Parke,  Davis  and  Company 
from  the  material  which  had  been  prepared  by  Brauns  and  Closson 
from  identified  Kombe  seeds.  The  positive  outcome  of  the 
Kiliani  reaction  at  once  placed  the  sugar  of  Kombe  strophanthin, 
in  all  probabilit}^,  in  the  group  of  the  desoxy  compounds,  digitoxose, 
and  cymarose.  This  is  also  supported  by  the  formation  of  greenish 
flocks  when  the  sugar  solution  was  boiled  with  strong  hydrochloric 
acid. 

Up  to  the  present,  our  attempts  to  prepare  the  sugar  in  crystal- 
line form  have  been  unsuccessful.  The  failure  to  obtain  an 
osazone  is  in  agreement  with  the  view  that  the  sugar  is  a  desoxy 
compound.  The  methyl  group  in  strophanthin  is  most  likely 
contained  in  the  sugar  in  the  form  of  methox;yl,  as  in  the  case  of 
cymarose,  the  sugar  which  Windaus  and  Hermanns"  prepared  from 
cymarin. 

Attempts  to  prepare  a  crystalline  phenylhydrazone  or  substituted 
phenjdhydrazone  have  been  thus  far  unsuccessful. 

From  the  formula  which  we  have  adopted  for  strophanthidin, 
C23H32O6,  and  on  the  basis  of  analytical  data  obtained  with  stro- 
phanthin itself,  it  is  suggested  that  crystalline  Kombe  strophanthin 
possesses  either  the  formula  C32H48O12  or  C31H46O11.  In  accordance 
with  this  the  sugar  is  either  CgHigO?  or  CsHisOe  or  the  methyl 
ether  of  a  Cs  or  a  C7  desoxy  sugar,  respectively.  An  attempt  is 
being  made  to  obtain  crystalline  derivatives  of  the  sugar, 

EXPERIMENTAL. 

Commercial  strophanthus  Kombe  seeds  which  gave  uniformly 
the  green  color  test  with  sulfuric  acid  were  worked  up  essentially 
according  to  the  method  used  by  Brauns  and  Closson,  with  the 
exception  that  after  clearing  the  solution  with  basic  lead  acetate 
and  after  subsequent  removal  of  excess  lead,  the  crystalline  gluco- 
side  was  crystallized  directly  by  the  cautious  addition  of  ammo- 
nium sulfate  in  an  amount  just  insufficient  to  salt  out  the  amor- 
phous gummy  strophanthin.     After  several  days  the  crystalline 

<  Kiliani,  H.,  Arch.  Pharm.,  1896,  ccxxxiv,  273;  1913,  ccli,  575. 

^  Windaus,  A.,  and  Hermanns,  L.,  Ber.  chem.  Ges.,  1915,  xlviii,  979. 
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flocciilcnt  glucoside  was  filtered  on  a  large  funnel  and  washed  with 
small  portions  of  water.  It  was  recrystallized  at  first  by  solution 
in  alcohol,  addition  of  an  equal  volume  of  water,  and  then  by  con- 
centration under  diminished  pressure.  When  the  alcohol  was  suf- 
ficiently removed,  the  glucoside  crystallized  readily  as  a  mass  of 
long,  delicate,  curved  micro  needles  which  were  difficult  to  filter 
and  wash.  After  several  recrystallizations  the  glucoside  was 
recrystallized  directly  from  water,  a  process,  which,  as  stated 
by  Brauns  and  Closson,  is  accompanied  by  considerable  loss. 
The  glucoside  then  formed  lustrous,  long,  thin,  pointed  platelets 
or  when  rapidly  cooled,  long,  curved,  delicate  threads  which  were 
often  radially  grouped. 

The  substance  possessed  the  recorded  properties  and  melted 
when  rapidly  heated  at  180-183,°  followed  by  a  slow  frothing. 
When  a  small  amount  was  dissolved  in  acetic  acid  and  then 
treated  with  a  few  crystals  of  ferrous  sulfate,  followed  by  a  few 
drops  of  sulfuric  acid,  the  solution  gradually  developed  a  deep 
red-purple  color.  On  addition  of  a  small  amount  of  water,  this 
changed  to  a  blue  and  finally  to  green.  This  color  resembles  the 
reaction  described  by  Kiliani  for  digitoxose  and  by  Windaus 
and  Hermanns  for  cymarose  with  the  exception  that  they  describe 
only  a  blue  color.  The  identical  reaction  was  given  by  a  sample 
of  Kombe  strophanthin  kindly  furnished  us  by  Parke,  Davis  and 
Company  which  had  been  prepared  by  Brauns  and  Closson  from 
identified  seed. 

[q;]!3  =  30.5°  (c  =  1.02  in  95  per  cent  alcohol). 

Air -dry  substance  {dried  at  100°  in  vacuo  over  H2SO4). 


C32H48012 .  3H20. 

Calculated.     H2O  7.96. 

C31H460U .  3H20. 

"     8.36. 
Found.                "    7.60. 

nhydrous  substance. 

C32H4SO12.     Calculated. 

C  61.50,  H  7.75,  OCH3 

4.97. 

C31H46O1]. 

"62.59,    "7.80       " 

5.22. 

Found,  (a). 

"62.02,    "7.52. 

(b). 

"62.30,    "7.57. 

(c). 

•     OCH3 

5.26, 

0.4051  gm.  of  anhydrous  substance  was  refluxed  for  45  minutes 
in  25  cc.  of  0.1  x  NaOH  and  25  cc.  of  water  and  then  titrated  against 
phenolphthalein.  6.7  cc.  of  alkali  were  used.  Molecular  weight 
is  605.     Calculated  for  C32H48O12  is  624.     For  C31H46OU  is  594. 
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5  gm.  of  ciystalline  strophantliin  wore  dissolved  in  a  mixture 
of  40  cc.  of  50  per  cent  alcohol  and  10  cc.  of  concentrated  hydro- 
chloric acid  and  allowed  to  stand  4  to  G  hours  in  the  cold.  The 
mixture  was  then  diluted  and  allowed  to  stand  with  occasional 
rubbing.  2.7  gm.  of  strophanthidin  were  obtained.  The  mother 
liquor  was  neutralized  with  pure  barium  carbonate  and  the  filtrate 
concentrated  under  reduced  pressure  to  dryness.  The  residue 
was  extracted  with  alcohol  and  the  filtrate  from  barium  chloride 
was  concentrated  to  dr3^ness.  On  dissolving  the  sjaaip  in  water 
an  additional  0.3  gm.  of  strophanthidin  was  recovered,  the  total 
yield  amounting  to  3  gm.  The  theory  for  Csi  or  C32  is  roughly 
3.2  to  3.3  gm. 

In  the  sugar  solution,  the  residual  CI  ions  were  removed  with 
silver  sulfate  and  the  filtrate  was  then  treated  with  hydrogen 
sulfide.  Sulfuric  acid,  remaining  in  the  filtrate,  was  removed 
quantitatively  wdth  barium  carbonate.  The  filtrate  yielded  on 
concentration  a  dextro-rotatory  syrup  which  still  possessed  a 
somewhat  bitter  taste.  This  syrup  could  not  be  made  to  crN^stal- 
lize  and  attempts  to  prepare  an  osazone  were  fruitless.  Likewise, 
a  crj'stalline  phenylhydrazone,  bromophenjdhydrazone,  and 
benz^dphenylhydrazone  could  not  be  obtained.  The  reducing 
substance  was  partly  soluble  in  ether  and  benzene  and  from  its 
tendency  to  become  resinous  on  standing,  indicated  its  instability 
at  least  in  the  impure  state. 


OBSERVATIONS  ON  DOGS  WITH  EXPERIMENTAL 
PYLORIC  OBSTRUCTION. 

THE  ACID-BASE  EQUILIBRIUM,  CHLORIDES,  NON-PROTEIN 
NITROGEN,  AND  UREA  OF  THE  BLOOD. 

By  a.  R.  FELTY  axd  H.  A.  MURRAY,  Jr. 

{From  the  Laboratories  of  Surgical  Research,   College  of  Physicians  and 

Surgeons,  Columbia  University,  and  the  Department  of  Medicine, 

Presbyterian  Hospital,  New  York.) 

(Received  for  publication,  July  5,  1923.) 

The  present  paper  reports  a  short  series  of  experiments  on  seven 
dogs  with  pyloric  occlusion  and  represents  a  continuation  of 
researches  conducted  in  this  laboratory  2  years  ago  (1).  It  was  of 
special  interest  to  find  (a)  whether  the  pH  of  the  blood  was 
increased,  (6)  whether  there  was  an}^  quantitative  relationship 
between  the  fall  in  plasma  chlorides  and  the  rise  in  bicarbonate 
which  was  known  to  occur,  and  (c)  whether  the  increased  concen- 
tration of  nitrogen  catabolites  discovered  in  human  cases  of  pyloric 
stenosis  (2)  occurred  in  dogs. 

With  this  end  in  view  venous  and  arterial  blood  samples  were 
collected  before  and  at  periods  after  operation  and  the  following 
determinations  made:  plasma  pH,  CO2  and  chlorides,  and  whole 
blood  urea,  and  non-protein  nitrogen. 

Procedure. 

Large  mongrel  dogs  in  apparent  good  health  were  selected  as 
subjects.  The  operation  of  pyloric  occlusion  consisted  in  five  cases 
of  a  piece  of  tape  tied  tightly  around  the  outside  and  in  two  cases 
of  complete  closure  affected  by  cutting  across  the  pylorus  between 
clamps  and  inverting  each  end  with  a  double  row  of  silk  ligatures. 
In  three  dogs  fine  rubber  tubes  with  olivary  tips  of  metal  (so  called 
duodenal  bucket  tubes)  were  sewed  into  the  wall  of  the  stomach 
and  duodenum  and  then  brought  out  through  the  flank.      By  this 
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device  the  contents  of  the  stomach  and  duodenum  could  be  removed 
and  analj'zed  at  will.  Water  could  also  be  easily  introduced  into 
the  duodenum.  This  proved  to  be  a  more  satisfactory  method  of 
supplying  fluid  than  that  of  hypodermoclysis  used  in  the  other 
dogs.  As  well  as  could  be  judged  by  hematocrit  readings  and  the 
absence  of  thirst,  dry  tongue,  and  other  objective  signs  of  dehy- 
dration, a  proper  fluid  balance  was  maintained.  The  dogs  refused 
all  food,  however,  so  that  the  known  effects  of  starvation  must  be 
considered  in  the  interpretation  of  the  results.  The  dogs  were 
observed  continuously  throughout  the  day  and  during  part  of  the 
night.  Arterial  blood  was  collected  in  some  instances  from  the 
carotid  at  the  commencement  of  the  operation  when  the  dog  was 
under  ether  and  through  the  skin  without  an  anesthetic  in  those 
cases  where  a  preliminary  operation  of  carotid  transplantation  had 
been  performed.  The  venous  blood  was  collected  from  the  jugular 
with  minimum  stasis  in  a  Luer  syringe  lined  with  pure  mineral  oil 
and  immediately  introduced  into  small  special  test-tubes  of  Pyrex 
glass  under  a  layer  of  oil.  Potassium  oxalate  was  used  as  an  anti- 
coagulant when  such  was  needed.  In  all  cases  the  pH  and  CO2 
determinations  were  made  immediately  after  centrifugalization 
of  the  samples,  and  the  plasma  used  for  chloride  estimations  was 
pipetted  off  at  the  same  time  to  prevent  CI  ion  migration  from  the 
red  cells. 

Technique. 

The  hydrion  concentration  of  the  plasma  was  estimated  by 
Cullen's  new  colorimetric  method  (3).  Glassware  and  solutions 
were  carefully  tested  for  their  possible  effects  on  the  pH  and  all 
the  other  details  of  the  method  as  described  were  followed.  At  the 
time  the  experiments  were  performed  the  method  had  not  been 
published  and  the  necessary  correction  constant  had  not  been 
determined.  In  calculating  our  results  the  following  equation  was 
used:  pH  38=  =  pH^o  +  0.01(f-20°)-18,  where  t°  =  room  tem- 
perature. The  constant  (18)  has  since  been  found  to  vary  with 
the  species.  This  number  is  probably  very  nearly  right  if  calcu- 
lating values  for  rabbit  plasma.  The  correct  figure  for  dog 
plasma  is  not  yet  available  and  although  it  seems  probable  that  it 
is  larger  than  18  if  one  can  judge  from  the  constant  for  dog 
serum,  it  does  not  seem  advisable  to  recalculate  all  the    results 
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using  some  other  tentative  value  for  the  constant.  This  change 
would  not  affect  the  relative  value  of  our  analyses  which  are 
concerned  with  a  comparison  between  the  pH  before  and  after 
operation.  The  method  was  found  eminently  satisfactory  and  the 
results  were  even  more  uniform  than  we  were  led  to  expect  from 
examination  of  the  normal  series  published  by  Cullen. 

The  plasma  CO2  content  was  measured  on  the  small  Van  Slyke 
gas  analysis  apparatus  and  all  the  modifications  recently  advocated 
by  its  designer  were^followed  (4) ,     The  BHCO3  figures  were  calcu- 

TRTTCO  1 
lated  from  the  logarithmic  formula:  pH  =   pKi  +  log  .  '  ' 

where  pKi  =  6.10. 

Whole  blood  chlorides  were  estimated  by  the  method  of  JMyers 
and  Short  (5) .  The  solutions  used  were  of  different  strengths  than 
those  described.  The  AgNOs  solution  was  made  up  so  that  1  cc. 
was  equivalent  to  2.5  mg.  of  NaCl.  This  solution  is  much  like 
that  of  Wetmore  (6).  The  NPLiSCN  solution  was  so  prepared 
that  1  cc.  was  equivalent  to  1  mg.  of  NaCl;  i.e.,  1  cc.  of  AgNOs 
solution  was  equivalent  to  2.5  cc.  of  NH4SCN.  This  stronger 
thiocj'-anate  solution  gave  a  much  sharper  end-point  than  the 
solution  advocated  by  Myers  and  Short.  For  the  plasma  chlorides 
the  same  standard  solutions  were  used.  A  saturated  picric  acid ' 
solution  was  chosen  instead  of  the  dry  solid  picric  acid  employed 
in  the  determination  of  whole  blood  chlorides.  2  cc.  of  oxalated 
plasma  were  precipitated  b}^  15  cc.  of  saturated  picric  acid  and 
made  up  to  40  cc.  with  23  cc.  of  water.  This  was  filtered  and  to  a 
20  cc.  aliquot  of  the  filtrate  (equivalent  to  1  cc.  of  plasma)  5  cc.  of 
standard  AgNOs  solution  were  added,  precipitating  the  chlorides. 
This  was  allowed  to  stand  half  an  hour  and  then  titrated  without 
preliminary  removal  of  AgCl  as  in  the  whole  blood  method.  Cal- 
culations were  made  as  above. ^ 

The  method  of  Bell  and  Doisy  (7)  with  a  few  modifications  was 
used  for  tissue  chlorides.  A  simple  aspiration  apparatus  was  used 
in  place  of  the  more  elaborate  one  described  by  the  authors.  This 
consisted  of  the  open  end  of  a  test-tube  drawn  out  and  fused  to  a 
glass  tube.  The  test-tube  was  chosen  so  that  it  would  fit  neatly 
with  a  minimum  air  space  into  the  mouth  of  a  Pyrex  combustion 

1  This  method  is  by  Dr.  Dana  Atchle.y,  unpublished. 
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tube  (such  as  is  used  for  doing  non-protein  nitrogen  by  Folin's 
method).  The  glass  tubing  was  bent  so  that  the  test-tube  end 
could  be  readily  introduced  into  the  tilted  combustion  tube,  the 
other  end  fitting  the  absorption  tube.  This  simple  apparatus  can 
be  easily  washed  out  at  the  end  of  the  combustion  prot;ess  and 
meets  the  requirements  of  Bell  and  Dois}^  that  the  aspirated  fumes 
shall  come  into  contact  with  nothing  but  glass  until  the  HCl  is 
absorbed  in  the  first  absorption  tube.  Comparative  blood  chloride 
estimations  by  this  combustion  method  and  by  the  precipitation 
method  gave  accurate  checks. 

The  analyses  for  urea  were  made  on  3  cc.  of  whole  blood  accord- 
ing to  Van  Sl^dce  and  Cullcn's  modifications  (8)  of  the  Marshall 
method  (9),  using  an  alcoholic  solution  of  jack  bean  and  a  concen- 
trated buffer  solution  according  to  Folin  and  Wu  (10).  The 
method  of  Folin  and  Wu  (10)  was  used  for  the  non-protein 
nitrogen.^ 

RESULTS. 

The  figures  for  plasma  pH,  COo,  chlorides,  whole  blood  urea, 
and  non-protein  nitrogen  are  summarized  in  Table  I. 

Of  the  seven  dogs  three  developed  objective  signs  of  hyper- 
irritability  with  mild  convulsive  seizures  which  we  have  come  to 
recognize  as  tetany.  In  these  dogs  the  pH  was  definitely  in- 
creased. In  the  other  dogs  (with  the  exception  of  Dog  4  who  died 
shortly  after  operation  in  acidosis)  there  was  also  an  increase  in 
the  alkalinity  of  the  blood,  but  to  a  lesser  degree.  In  every  case 
a  rise  in  CO2  occurred  after  operation.  The  changes  in  the  three 
dogs  which  developed  tetan}^  ma}"  perhaps  best  be  visualized  by 
equating  BHCO3  with  pH  on  coordinate  paper  (Fig.  1)  as  done  by 
Van  Slyke  (11).  The  parallelogram  in  the  figure  includes  all 
normal  values  found  in  the  seven  dogs  before  operation.  Its 
sides  are  parallel  to  a  corresponding  figure  drawn  by  Van  Slyke 
to  represent  the  range  of  normality  in  man,  but  is  made  smaller  to 
fit  the  values  found  in  dogs.  It  will  be  seen  that  the  first  result 
of  the  operation  was  a  shift  of  the  blood  into  the  area  designated 
as  compensated  alkali  excess,  but  that  later  the  acid-base   bal- 

^  We  should  like  to  express  our  thanks  to  Mrs.  Keeler  who  made  all  the 
urea,  non  protein  nitrogen,  and  phosphorus  analyses  in  the  clinical  labo- 
ratories of  the  Presbyterian  Hospital. 


A.  R.  Felty  and  H.  A.  Murray,  Jr. 


579 


ance  became  upset  and  a  condition  of  uncompensated  alkalosis 
supervened. 

Together  with  the  marked  rise  in  CO2  there  was  a  still  greater 
fall  in  chlorides.     This  result  after  pyloric  occlusion  has  been 
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previously  noted  both  in  this  and  other  laboratories.  We  were 
interested,  however,  to  see  whether  there  was  an  inverse  quanti- 
tative relationship  between  the  two.  That  there  was  some 
relationship,  but  that  the  two  were  not  inversely  proportional, 
i.e.  that  each  CI  ion  lost  through  the  stomach  was  not  replaced 
Iw  a  HCO3  ion,  may  be  judged  from  Fig.  2  in  which  the  gain  of 
BHCO3  in  millimols  is  plotted  against  the  loss  of  BCl  in  millimols. 
That  the  amount  of  chloride  secreted  into  the  stomach  and  lost 
to  the  body  hj  vomiting  or  lavage  is  sufficient  to  explain  the  fall  in 

TABLE  II. 

Comparative  Analyses  of  Chlorides  in  Gastric  Juice  and  Blood  Plasma. 


Time. 

Gastric  juice. 

Blood  plasma. 

Dog 
No. 

0.1  N 

perl 

30.0 
30.0 
14.0 

3.0 

2.0 

HCl 
00  CO. 

Total 
H  ions. 

Total 
loss  of 
CI  ions 
through 
the 
stom- 
ach. 

Loss  of 
CI  ions 

per 
liter  of 
plasma. 

Total 

loss  of 

CI  ions* 

in  blood 

plasma. 

5 

6 

7 

First      24  hrs.  postoperative.  . .  . 
Second  24    " 
Third    24    " 

First      54     " 

19     " 

35.0 
42.0 
24.0 

5.0 

3.0 

milli- 
mols 

27.1 
29.4 

28.8 

9.5 
2.6 

milli- 
mols 

45.1 
64.7 
64.7 

45.5 

11.0 

milli- 
mols 

11.7 

10.7 
12.0 

38.7 

4.6 

milli- 
mols 

10.0 

9.3 

10.3 

27.6 

2.7 

*  Total  loss  of  chloride  ions  in  the  blood  plasma  during  tiie  period  under 
consideration  was  estimated  from  the  preceding  column  on  the  basis  that 
the  blood  plasma  constituted  5  per  cent  of  the  body  weight. 

plasma  chlorides,  was  suggested  by  the  gastric  analyses  of  Mac- 
Callum  and  coworkers  (12),  and  is  further  substantiated  by  the 
appended  estimations  made  on  the  gastric  juice  removed  through 
the  tube  which  was  sewed  into  the  stomach  (Table  II). 

The  figures  for  Dog  5  show  consistent  results;  those  for  the  other 
two  dogs  are  of  little  value.  Together  the}^  indicate  that  the  loss 
of  chlorides  through  the  stomach  per  day  was  greater  than  the 
drop  in  plasma  chlorides.  It  must  be  supposed  that  the  discrep- 
ancy' represents  CI  ions  extracted  from  the  tissues.  That  this  is 
the   correct   conclusion  is  suggested  bj^  the   following   chloride 
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analyses  done  on  pieces  of  rectus  muscle  removed  at  operation 
and  at  death,  respective^.     (Table  III.) 

Probabh'  the  chlorides  in  the  red  blood  cells  are  likewise  dimin- 
ished. The  figures  in  Table  IV  show  that  in  Dogs  6  and  7  the 
percentage  fall  in  chloride  concentration  in  plasma  was  approxi- 
match'  the  same  or  only  slighth'  greater  than  in  whole  blood. 

In  the  gastric  analyses  recorded  it  will  be  noticed  that  the  mols 
of  CI  ions  are  far  in  excess  of  those  of  H  ions.  This  we  suspect  is 
due  to  the  large  admixture  of  slightl}^  alkaline  saliva  which  con- 
tains an  appreciable  amount  of  chloride. 

TABI.E  III. 

Tissue  Chlorides. 


Dog  No. 

At  operation. 

5  days  later. 

G 

NaCl  in  mg.  per  100  gm.  muscle.             319.7 

244.3 

TABLE  IV. 
Whole  Blood  and  Plasma  Chlorides  Compared. 

Dog  Xo. 


Date. 


June  24 

"      28 
"      29 

"      25 

"      28 


NaCl  per  liter 
of  plasma. 


millimols 
111.1 


59.9 


107.1 
68.5 


Loss. 


per  cent 


46 


NaCl  per  liter  of 
whole  blood. 


millimols 

91.9 

48.8 

87.1 
51.3 


Loss. 


per  cent 


48 


41 


In  a  former  paper  the  increase  in  sulfate  and  phosphate  ions 
in  the  blood  plasma  was  recorded.  A  few  estimations  for  phos- 
phorus by  the  method  of  Doisy  and  Bell  (13)  gave  the  results 
shown  in  Table  V  which  substantiate  earlier  findings. 

A  study  of  the  recorded  non-protein  nitrogen  and  urea  values 
shows  that  there  is  a  marked  rise  after  pyloric  occlusion,  the  exact 
cause  of  which  is  uncertain.  In  a  number  of  patients  with 
pyloric  stenosis  the  same  finding  was  repeatedly  made.  We  are 
inclined  to  look  for  a  cause  to  the  high  bicarbonate  values  and  a 
possible  effect  of  this  change  on  the  kidneys,  rather  than  the 
possible  absorption  of  toxic  nitrogen  compounds  from  the  intesti- 
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nal  tract.  The  urine  was  not  studied  chemically,  but  albumin 
and  casts  and  an  acid  reaction  were  found  on  several  occasion? 
despite  the  alkaline  blood.  The  contents  of  the  stomach  were 
frequently  washed  out,  and  below  the  obstruction  cathartics 
were  several  times  introduced  if  the  bowels  did  not  move,  so  that 
the  possibility  of  absorption  from  stagnating  intestinal  contents 
could  be  reduced. 

Because  of  the  reported  electrocardiograph  changes  in  human 
subjects  (14)  w^th  alkalosis,  tracings  of  foiii  dogs  were  taken  before 
and  after  operation.  No  consistent  changes  could  be  identified 
in  the  form  or  wave  intervals  to  suggest  abnormal  function.  It 
was  noticed,  however,  that  the  resistance  of  the  tissues  between 
the  electrodes  after  the  salt  solution  was  allowed  to  soak  the  skin 
until  no  further  decrease  occurred  was  over  three  times  as  great 
in  the  dogs  after  operation.     This  is  of  interest  in  view  of  the 

TABLE  V. 
Phosphorus  (Mg.  per  100  C:.  of  Plasma). 


Dog  No. 

Before 
operation. 

After  operation. 

2  days. 

3  days. 

4  da  vs. 

■ 

5  days. 

5 

6 

7 

3.6 
3.9 

4.9 
11.0 

8.5 

5.7 

16.8 

marked  decrease  in  the  salt  content  of  blood  and  tissues.  In  a 
case  of  human  tetany  reported  recently  (2)  the  serum  conductivity 
was  found  to  be  very  low.  This  aspect  of  the  problem  needs 
further  study. 

DISCUSSION'. 

The  results  outlined  give  an  indication  of  the  disturbance  in 
the  acid-base  balance  which  occurs  after  pyloric  obstruction.  The 
slight  rise  in  pH  noted  in  previous  experiments,  which  was 
believed  at  the  time  to  be  of  little  consequence,  is  again  reproduced 
in  these  experiments  and  in  the  three  dogs  which  developed  tetany 
was  of  sufficient  magnitude  to  make  it  seem  highly  probable  that 
there  is  a  causal  relationship  between  diminished  acidity  and  nerve 
hyperirritability.  Greenwald  (15)  has  recently  summarized  the 
evidence  against  the  theory  that  a  rise  in  pH  is  effective  in  tetany 
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production.  We  believe  that  the  question  is  still  an  open  one. 
There  is  much  indirect  evidence,  for  instance,  the  studies  of  Grant 
and  Goldman  on  hyperpnea,  that  changes  in  hydrion  concentration 
have  a  definite  influence  on  the  irritability  of  nerve.  As  regards 
gastric  tetany  more  facts  leading  to  the  same  conclusion  have  been 
presented  in  this  paper.  The  essential  cause  of  the  disturbance 
seems  to  be  the  excretion  of  H  ions  and  CI  ions  by  way  of  the 
stomach.  CI  ions  lost  from  the  blood  seem  to  be  replaced  in  a 
measure  by  other  anions ;  bicarbonate,  phosphate,  and  sulfate  ions 
etc.  As  there  are  more  CI  ions  than  H  ions  secreted  in  the  sali- 
vary and  gastric  juices  together,  the  loss  of  CI  ions  and  gain  in 
BHCO3  ions  in  the  blood  are  not  strictly  proportional  inversely. 
Further  studies  on  nitrogen  metabolism  and  the  effect  of  alkalies 
on  renal  function  will  have  to  be  made  before  it  becomes  clear  why 
there  is  an  increase  of  the  nitrogen  waste  products  in  the  blood. ^ 

SUMMARY   AND    CONCLUSION'S. 

In  seven  dogs  in  whom  complete  or  partial  pyloric  stenosis  was 
effected  the  following  changes  occurred  after  operation: 

1.  A  rise  in  pH,  which,  however,  was  only  marked  in  the  three 
dogs  that  developed  tetany. 

2.  A  marked  increase  in  bicarbonate  concentration. 

3.  A  very  rapid  diminution  of  chlorides  in  the  plasma,  whole 
blood,  and  tissues  which  could  be  accounted  for  by  the  amount 
of  chloride  secretion  into  the  gastrointestinal  tract  above  the  point 
of  obstruction. 

4.  An  inconsistent  but  in  come  cases  a  marked  rise  in  urea  and 
non-protein  nitrogen  of  whole  blood. 

Mention  was  also  made  of  an  increased  concentration  of  phos- 
phorus in  two  dogs  and  an  augmented  electrical  resistance  noted 
while  taking  electrocardiograms  in  four  dogs.  (The  electrocar- 
diograph was  in  each  ease  negative.) 

3  Since  the  completion  of  this  writing  two  articles  have  appeared  in  the 
literature  dealing  with  this  question  (16,  17).  The  results  are  in  accord 
with  our  findings,  but  in  some  instances  the  suggested  interpretations 
were  dissimilar. 
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INTRODUCTION. 

The  outstanding  achievement  in  the  treatment  of  diabetes,  the 
development  of  a  non-toxic  extract  of  the  internal  secretion  of  the 
pancreas  by  Banting  and  others  (1,  2)  in  the  laboratory  of  MacLeod 
(3),  was  published  during  the  progress  of  the  work  described  in 
this  paper.  The  success  of  this  extract  appears  to  be  conditioned 
mainly  on  the  possibility  of  preparing  it  on  the  huge  scale  that 
will  be  required  as  soon  as  diabetics  are  kept  alive  solely  by  its 
use.     The  great  prevalence  of  diabetes  makes   it  unlikelj^    that 
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dietetic  measiu-es  will  be  abandoned.  Further  study  of  the  diet 
leads,  moreover,  to  conclusions  of  plwsiological  and  practical 
interest. 

During  a  fast  a  diabetic  patient  continues  to  oxidize  foodstuffs 
derived  from  his  own  tissues.  Whj-  not  substitute  for  this  food 
material  an  identical  quantity  given  in  the  diet?  There  is  no 
a  priori  reason  why  this  change  from  endogenous  to  exogenous 
foodstuffs  should  have  any  effect  on  the  metabolism,  either  in  the 
total  calories  or  in  the  proportions  of  protein,  fat,  and  carbo- 
hydrate oxidized.  If  the  effect  is  nil,  reduction  of  the  intake 
of  food  below  the  level  of  the  fasting  metabolism  merely  wastes 
the  tissues  without  benefit  to  the  patient.  This  statement  needs 
qualification  only  if  the  waste  of  tissue  is  beneficial  in  itself  and 
not  in  its  effect  on  the  metabolism.  The  method  used  in  this 
investigation  was  first  to  determine  by  means  of  the  respiration 
calorimeter  the  quantit}^  of  protein,  fat,  and  carbohydrate  oxidized 
while  fasting,  and  to  give  the  same  quantities  in  the  diet.  This 
diet  we  have  referred  to  as  the  replacement  diet.  The  effect  of 
fasting  as  opposed  to  this  diet  was  observed,  using  as  a  basis  for 
comparison  the  total  metabolism  and  the  quantities  of  protein, 
fat,  and  carbohydrate  oxidized.  The  data  were  also  used  to  make 
a  comparison  between  the  food  ingested  and  the  food  oxidized,  in 
order  to  strike  a  balance  after  the  manner  of  the  nitrogen  balance, 
not  only  for  protein,  but  for  carbohydrate  and  fat  as  well. 

Literature. 

The  total  metabolism  in  diabetes  was  extensively  studied  in  1910  by 
Benedict  and  Joslin  (4).  The  earlier  literature  was  fully  reviewed  by 
them.  They  found  an  increase  in  the  heat  production,  whereas  Allen 
and  Du  Bois  (5)  found  no  increase,  the  disagreement  being  caused  by 
the  difference  in  the  standards  used  to  determine  the  normal  metabolism. 
Wilder,  Boothby,  and  Beeler  (6)  recently  investigated  the  total  metab- 
olism in  thirtj'-one  cases  of  uncomplicated  diabetes,  and  found  a  depres- 
sion roughly  proportional  to  the  depression  of  the  weight  below  the  medico- 
actuarial  standards. 

The  increase  in  the  total  metabolism  following  the  ingestion  of  food  is 
known  as  the  specific  dynamic  action  of  foodstuffs,  and  varies  with  the 
kind  of  food  ingested.  Protein  causes  the  greatest  rise  in  metabolism, 
fat  and  carbohydrate  much  less  (7).  Experiments  on  the  specific  dynamic 
action  have  been  limited  as  a  rule  to  observing  the  effect  of  large  quantities 
of  food.     The  effect  of  quantities  not  more  than  sufficient  to  replace  those 
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oxidized  during  a  fast  has  been  very  little  investigated.  To  one  dog, 
which  while  starving  oxidized  96  grams  of  fat  Voit  gave  100  grams,  with 
the  result  that  it  oxidized  97  grams  (8).  In  the  twenty-sixth  paper  of 
this  series,  Soderstrom,  Barr,  and  Du  Bois  (9)  observed  the  effect  of  a 
small  breakfast  on  the  heat  production  of  normal  individuals.  "The 
standard  breakfast  contained  approximately  222  calories,  enough  to  supply 
the  basal  energy  requirem.ent  of  the  subjects  three  to  four  hours."  It 
contained  4.7  gm.  of  protein,  9.0  gm.  of  fat,  and  28.9  gm.  of  carbohydrate. 
"In  the  first  hour  following  the  ingestion  of  this  the  heat  production  in- 
creased on  an  average  7  per  cent. ;  in  the  second  hour,  2  per  cent. ;  in  the  third 
hour  2  per  cent."  It  was  therefore  possible  to  give  food  somewhat  above  the 
basal  requirements  (for  2  hours)  without  a  sustained  rise  in  the  metabolism. 

Benedict  and  Carpenter  (10)  working  with  normal  individuals,  have 
computed  the  "cost  of  digestion,"  which  is  related  to  the  specific  dynamic 
action,  but  is  expressed  differently.  It  is  the  absolute,  instead  of  the 
percentage  increase  in  the  heat  production  following  a  meal.  With  mixed 
meals  Benedict  and  Carpenter  find  that  the  cost  of  digestion  averages 
6  per  cent  of  the  fuel  value  of  the  intake.  The  meals  which  they  used  were 
heavy.  For  a  replacement  diet  the  increase  in  metabolism  of  a  normal 
individual  would  not  therefore  be  expected  to  exceed  6  per  cent  of  the 
fuel  value  of  the  intake,  which  in  this  case  is  the  same  as  the  basal 
metabolism. 

Wilder,  Boothby,  and  Beeler  (6)  in  the  course  of  a  recent  stud}'  of  a 
severe  diabetic,  observed  the  effect,  on  the  metabolism,  of  a  mixed  meal 
containing  little  or  no  carbohydrate,  a  variable  amount  of  protein,  and  a 
large  proportion  of  fat.  The  least  rise  in  the  metabolism  was  observed 
with  a  diet  which  contained  1,007  calories  per  24  hours,  as  compared  to  a 
basal  metabolism  of  910  calories,  and  was  therefore  11  per  cent  above  the 
basal  requirements.  One-third  of  this  was  given  just  before  the  observa- 
tion, and  consisted  of  6.5  gm.  of  protein,  31.4  gm.  of  fat,  and  4.1  gm.  of 
carbohydrate.  The  metabolism  increased  from  —16  per  cent  of  the  aver- 
age normal  just  before  the  meal  to  +  1  per  cent  afterwards,  and  remained 
well  above  basal  at  the  end  of  3  hours.  Food  thus  given  in  the  customary 
three  meals,  though  only  11  per  cent  above  the  basal  requirements  suflficed 
to  cause  a  sharp  and  sustained  rise  in  metabolism. 

Method. 

Seven  patients,  all  with  mild  or  moderately  severe  diabetes, 
were  observed  in  the  respiration  calorimeter  of  the  Russell  Sage 
Institute  of  Pathology.  The  technique  was  the  same  as  pre- 
viously described  (11,  12).  The  patients  were  kept  under  close 
observation  in  a  small  metabolism  ward,  as  described  in  Paper  III 
of  this  series  (13),  Observations  were  controlled  by  means  of 
alcohol   checks. 

In  Table  I  the  theoretical  quantities,  as  calculated  from  the 
quantity  of  alcohol  burned,  are  compared  with  the  quantities 
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observed,  and  the  percentage  error  of  the  observation  is  indi- 
cated. For  heat  the  error  averaged  —0.5  per  cent,  for  oxj^gen 
—  1.6  per  cent,  for  carbon  dioxide  —1.1  per  cent,  and  for  water 
+4.3  per  cent.  The  conclusions  of  this  paper  are  based  on  the 
oxygen  consumption  and  the  respiratory  quotient.  The  maximum 
range  of  error  in  a  3  hour  period  was,  in  the  case  of  ox>'gen,  from 
+  0.3  to  —2.4  per  cent.  The  respiratory  quotient  ranged  from 
a  minimum  of  0.654  to  a  maximum  of  0.680  and  averaged  0.670  as 
against  the  theoretical  quotient  0.667. 

For  our  purpose  the  ideal  technique  would  have  been  to  keep 
the  patient  under  observation  in  a  chamber  calorimeter  for  the 
entire  24  hours,  giving  the  diet  in  the  usual  three  or  four  meals. 
This  method  was  not  available.  The  period  during  which  an 
observation  can  be  continued  with  profit  is  often  limited  even 
in  the  respiration  calorimeter,  and  for  this  reason  it  was  necessary 
to  find  some  means  by  which  a  period  of  2  or  3  hours  could  be 
made  a  fair  sample  of  the  24  hours.  This  was  done  simply  by 
giving  the  diet  in  small  portions  every  2  hours,  and  making  the 
calorimeter  observation  as  soon  as  possible  after  the  last  meal. 
It  was  thought  that  by  this  means  fluctuations  both  in  the  absorp- 
tion and  metabolism  of  food  would  be  minimized.  Although 
the  results  were  calculated  as  for  24  hours,  the  period  both  of  the 
diet  and  of  the  observation  was  only  2  or  3  hours.  The  meal 
which  had  an  immediate  influence  on  the  metabolism  was  pre- 
sumably the  last  one  before  the  observation,  that  is,  the  10  a.m. 
meal,  the  previous  meals  serving  merely  to  bring  the  patient 
into  equilibrium.  There  was,  therefore,  no  need  of  allowing  for 
the  movement  of  the  patient  about  the  ward,  as  he  was  kept  in 
bed  for  at  least  12  hours  before  the  observation.  As  the  ward  is 
small  the  amount  of  energy  which  the  patients  are  able  to  expend 
is  in  any  case  slight.  The  diet  was  given  every  2  hours,  except 
for  two  periods  of  4  hours  each  beginning  at  10  p.m.  and  2  a.m., 
when  a  double  portion  was  given.  It  was  begun  at  the  latest 
4,  6,  or  8  p.m.  of  the  day  before,  and  sometimes  two  or  more  days 
previous.  In  the  fasting  observations  food  was  taken  not  later 
than  noon  of  the  preceding  day,  sometimes  of  the  day  before  that. 

The  determination  of  the  urinary  nitrogen  was  done  by  the 
Kjeldahl  method;  and  glucose  by  the  Benedict  (14)  method. 
Total  acetone  bodies  of  the  urine  were  estimated  bv  the  method 
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of  Van  Slyko  (15)  and  expressed  as  acetone.  The  blood  sugar 
of  tlie  whole  blood  was  estimated  by  the  method  of  Benedict  (16), 
and  the  carbon  dioxide-combining  power  of  the  blood  by  the 
method  of  Van  Slyke  and  Ciillen  (17)  and  Van  Slyke  (18). 

Seven  patients  were  studied,  besides  the  one  in  coma.  An 
observation  on  each  of  two  additional  patients  was  discarded 
because  of  flaws  in  the  technique. 

Case  Histories. 

All  the  patients  had  mild  or  moderately  severe  diabetes,  with 
the  exception  of  one  patient  who  was  in  diabetic  coma.  Compli- 
cations were  absent. 

Case  1. — James  F.,  age  52  years,  porter,  born  in  the  Unite  States, 
was  admitted  to  the  metabolism  ward  on  Dec.  11,  1921.  He  had  no  symp- 
toms of  diabetes,  and  glycosuria  was  detected  only  on  routine  examination. 
His  blood  sugar  decreased  from  472  mg.  per  100  cc.  to  200  mg.  His  maxi- 
mum excretion  of  acetone  bodies,  on  a  protein-fat  diet  was  3.31  gm.  His 
tolerance  for  carbohydrate  as  measured  clinically  reached  150  gm. 

Case  2. — Moderate  diabetes.  Francis  M.,  age  23  years,  chauffeur,  born 
in  the  United  States,  was  admitted  to  the  metabolism  ward  on  Jan.  3,  1922. 
The  onset  of  diabetic  symptoms  was  in  1919.  His  blood  sugar  on  Jan.  3, 
1922,  was  214  mg.  per  100  cc.  His  maximum  excretion  of  acetone  bodies 
was  1.92  gm.  on  a  protein-fat  diet.  He  developed  a  tolerance  for  SO  gm. 
of  carbohydrate. 

Case  3. — Moderately  severe  diabetes.  Chas.  C,  age  53  years,  laborer, 
born  in  Bohemia,  was  admitted  to  the  metabolism  ward  on  Jan.  18,  1922. 
He  began  to  have  symptoms  of  diabetes  in  Jan.,  1920.  Apart  from  loss  of 
flesh  and  arteriosclerosis  his  physical  examination  was  negative.  His 
blood  sugar  ranged  from  291  to  236  mg.  per  100  cc.  His  maximum  excre- 
tion of  the  acetone  bodies  was  4.19  gm.  on  a  protein-fat  diet.  He  developed 
a  tolerance  for  60  gm.  of  protein  and  10  gm.  of  carbohydrate. 

Case  4. — Moderately  severe  diabetes.  Ben.  J.,  age  16  years,  schoolboy, 
born  in  the  United  States,  was  admitted  to  the  metabolism  ward  on  Feb.  2, 
1922.  His  symptoms  of  diabetes  dated  from  May,  1920.  Examination 
revealed  extreme  emaciation,  a  flushed  face,  rapid  respiration,  and  a  red 
tongue.  His  blood  sugar  ranged  from  210  to  362  mg.  per  100  cc.  He 
excreted  a  maximum  of  14.3  gm.  of  acetone  bodies  on  a  high  fat  diet.  He 
died  of  erysipelas  on  May  4,  1922. 

Case  5. — Mild  diabetes.  Frank  C,  age  27  years,  accountant,  born  in  the 
United  States,  was  admitted  to  the  metabolism  ward  on  Feb.  6,  1922. 
His  symptoms  began  in  Jan.,  1921.  His  blood  sugar  was  210  mg.  per  100  cc. 
on  Feb.  7.  His  excretion  of  acetone  bodies  never  exceeded  1  gm.  He 
developed  a  tolerance  for  83  gm.  of  carbohydrate. 
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Case  6. — Mild  diabetes.  Patrick  M.,  age  46  years,  policeman,  born 
in  Ireland,  was  admitted  to  the  metabolism  ward  on  Apr.  10,  1922.  His 
diabetes  was  detected  in  Oct.,  1921.  The  physical  examination  was  nega- 
tive except  for  signs  of  disease  of  the  posterior  roots  and  peripheral  nerves 
due  to  diabetes.  His  blood  sugar  was  85  mg.  per  100  cc.  on  Apr.  3,  1922. 
He  developed  a  tolerance  for  125  gm.  of  carbohydrate. 

Case  7. — Moderately  severe  diabetes.  Frank  B.,  age  24  years,  con- 
diment maker,  born  in  Austria,  was  admitted  to  the  metabolism  ward  on 
Apr.  17,  1922.  His  symptoms  began  6  or  8  months  before  admission. 
Physical  examination  showed  him  to  be  undernourished,  flushed,  with 
acetone  odor  of  the  breath.  His  blood  sugar  ranged  from  422  to  130  mg. 
per  100  cc.  The  maximum  excretion  of  the  acetone  bodies  was  2.27  gm. 
On  Apr.  21  a  boil  about  4  cm.  in  diameter  was  incised  and  4  cc.  of  pus 
evacuated.     He  devfJoped  a  tolerance  for  100  gm.  of  carbohydrate. 

The  following  patient  is  included  as  an  example  of  the  metabolism  in 
diabetic  coma. 

Case  8. — Chas.  S.,  age  39  years,  carpenter,  born  in  Finland,  was  admitted 
to  the  metabolism  ward  on  Apr.  5, 1922.  His  symptoms  of  diabetes  began 
10  weeks  previously.  Physical  examination  showed  him  to  be  under- 
nourished, stuporous,  flushed,  with  dry  tongue,  Kussmaul  breathing,  and 
acetone  odor  of  breath.  Recalculated  for  a  24  hour  period  the  urine  from 
9.30  p.m.,  Apr.  5  to  3.40  a.m.,  Apr.  6  contained  9.07  gm.  of  acetone  and 
diacetic  acid,  55.8  gm.  of  /3-hydroxybutyric  acid,  24.25  gm.  of  nitrogen, 
and  102  gm.  of  glucose.  The  blood  sugar  expressed  in  mg.  per  100  cc.  was 
400  on  Apr.  5,  the  date  of  the  first  calorimeter  observation;  476  on  Apr.  6, 
before  the  second  observation;  and  716  on  the  afternoon  of  the  same  day, 
shortly  before  death.  The  carbon  dioxide-combining  power  of  the  blood 
was  18  volumes  per  cent  before  the  observation  and  17  after  it.  He  re- 
ceived 15  to  20  gm.  of  sodium  bicarbonate  and  3  to  5  liters  of  fluid  daily. 
He  received  25  gm.  of  glucose  daily  for  2  days,  and  on  the  3rd,  50  gm.  before 
entering  the  calorimeter.  The  calorimeter  data  are  shown  in  Table  II. 
During  the  first  observation  the  respiratory  quotient  was  0.73.  On  the 
2nd  day,  after  receiving  the  glucose  the  quotients  for  the  first  3  hours 
were  0.74,  0.72,  and  0.70,  respectively,  and  averaged  0.72,  the  same  as  on 
the  previous  day.  The  carbon  dioxide-combining  power  of  the  blood 
remained  unchanged,  and  the  blood  sugar  increased.  There  was  no  evidence 
that  any  of  the  glucose  was  oxidized.  The  only  effect  on  the  respiratory 
quotient  was  a  definite  depression. 

Results  of  Experiments. 

I.  Basal  Metabolism  in  Diabetes. 

In  Table  III  the  third  cohimn  indicates  the  weight  of  the 
patient,  and  the  fifth  cohmm  the  average  normal  weight  for 
persons  of  the  same  age  and  height,  derived  from  the  medico- 
actuarial  tables  as  published  b}^  Joslin  (19).     The  tables  were 
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corrected  by  allowing  1  inch  for  heels  of  shoes,  and  10  pounds  for 
clothes.  Results  are  expressed  in  kilos,  net.  The  sixth  column 
represents  the  deviation  from  the  average,  expressed  as  a  percent- 
age. The  ninth  column  indicates  the  deviation  of  the  metab- 
olism from  the  normal  standards  of  Aub  and  Du  Bois  (20),  also 
expressed  as  a  percentage.  This  is  also  known  as  the  basal  metab- 
olic rate.  Change  in  weight  closely  paralleled  change  in  metab- 
olism.    In  Fig.  1  the  same  data  are  plotted,  the  abscissae  repre- 
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Fig.  1.  Total  metabolism  and  weight.  The  abscissa)  represent  increase 
or  decrease  in  weight  expressed  as  a  percentage  of  normal;  the  ordinates, 
increase  or  decrease  in  metabolism  expressed  as  a  percentage  of  normal. 
Each  dot  represents  one  observation.     Eight  patients  were  observed. 

senting  the  percentage  loss  in  weight,  and  the  .ordinates  the 
percentage  loss  in  metabolism.  All  but  one  of  the  observations 
are  placed  in  such  a  way  as  to  indicate  a  rough  proportion  between 
loss  of  weight  and  depression  of  the  metabolism.  The  exception, 
shown  in  the  figure  with  a  metabolism  of  +11  and  a  weight 
of  —30  per  cent,  occurred  with  the  patient  who  was  in  diabetic 
coma.  From  the  distribution  of  the  other  dots,  a  metabolism  of 
—  25  per  cent  would  have  been  expected.  The  cause  of  this  high 
level  will  be  discussed  later,  but  it  may  be  mentioned  that  this 
patient  was  oxidizing  protein  at  a  very  rapid  rate,  as  shown  by  the 
excretion  of  24.3  gm.  of  nitrogen  per  24  hours.  In  the  other  cases 
the  relation  of  metabolism  to  weight  is  sufficiently  close  to  a 
proportion  to  suggest  that  the  depression  of  the  metabolism  is 
due  to  undernutrition  and  not  to  any  inherent  peculiarity  of  the 
disease. 


TABLE  IV. 
Food  Eaten  Compared  with  Food  Oxidized  per  24  Hrs. 
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Diet  calories. 
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1,209 

"   7 

296 

619 

0 

915 

452 

734 

94 

1,279 

"   10 

305 

1,058 

0 

1,363 

372 

683 

137 

1,191 

"   13 

0 

0 

0 

0 

232  , 

611 

253 

1,097 

"   14 

305 

591 

0 

896 

384 

499 

246 

1,128 

Charles  C. 


Ben.  J. 


Frank  C. 


Patrick  M. 


Jan. 

20 

0 

0 

0 

0 

243 

824 

57 

1,124 

" 

21 

301 

826 

0 

1,126 

299 

901 

6 

1,206 

" 

23 

300 

1,237 

0 

1,537 

407 

789 

0 

1,196 

u 

24 

0 

0 

0 

0 

487 

500 

43 

1,029 

" 

25 

300 

502 

0 

802 

237 

691 

159 

1,088 

Feb.  6 

0 

0 

0 

0 

185 

305 

413 

904 

7 

183 

304 

414 

901 

342 

11 

516 

869 

"   13 

0 

0 

0 

0 

347 

253 

230 

830 

a    1- 

346 

428 

60 

834 

428 

114 

284 

825 

"   20 

346 

848 

60 

1,254 

388 

348 

115 

851 

Mar.  21 

0 

0 

0 

0 

309 

631 

220 

1,160 

"   23 

310 

628 

221 

1,160 

337 

538 

345 

1,220 

"   28 

308 

1,209 

221 

1,738 

287 

495 

415 

1,196 

Apr.  14 
"   15 

0 
206 

o| 

525  j 

0 
541 

0 
1,272 

204 
221 

523 
520 

538 

588 

1,265 
1,330 

Frank  B. 

Apr.  21 

0 

0 

0 

0 

402 

651 

88 

1,141 

"   25 

401 

660 

89 

1 ,  150 

368 

422 

383 

1,172 

"   26 

0 

0 

0 

0 

220 

565 

278 

1,063 
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//.  Effect  of  Replacement  Diet  Comyared  to  Fasting. 

a.  On  Total  Metabolism. — The  results  are  shown  in  Table  IV. 
On  the  left  is  indicated  in  calories  the  diet  per  24  hours  divided 
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Fig.  2.  Comparison  of  food  eaten  and  oxidized,  in  terms  of  calories  per 
24  hours.  The  total  height  of  the  columns  represents  the  total  calories 
of  diet  or  metabolism.  1  he  cross-hatched  portion  at  the  bottom  represents 
protein,  the  middle  portion,  which  is  blank,  represents  fat,  and  the  upper 
portion,  vertically  shaded,  represents  carbohydrate.  The  diet  is  marked 
by  a  circle,  and  further,  by  broken  shading.  When  no  food  was  given  the 
fact  is  indicated  by  the  word  "fast."  The  calories  metabolized  are  desig- 
nated by  arrows. 

into   protein,    fat,    and   carbohydrate.     The  first    three   patients 
received  1.5  gm.  of  protein  per  kilo  of  bod}-  weight,  fat  equal  to  the 
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quantity  oxidized  while  fasting,  and  no  earl)ohydrate.  The  others 
received  a  diet  designed  to  replace  all  food  (dements  oxidized  while 
fasting.  Both  groups  received  on  occasion  an  excess  of  fat  above 
the  basal  requirements.  On  the  right  of  the  table  is  indicated  the 
calories  metabolized,  also  divided  into  protein,  fat,  and  carbo- 
hj^drate.  Fig.  2  presents  the  same  data  in  graphic  form.  The 
results  are  summarized  in  Table  V,  in  which  the  figures  de- 
note the  increase  or  decrease  in  the  calories  metabolized  per 
-24  hours  with  the  diet,  as  compared  to  those  metabolized 
while  fasting.  In  the  fifth  column  the  increase  or  deci'case 
is  expressed  as  a  percentage.  The  greatest  increase  in  metabo- 
lism as  a  result  of  a  protein-fat  diet  was  observed  in  the  case 
of  Chas.  C,  Table  I.V,  Januarj^  20  and  21.  The  metabolism 
increased  from  1,124  calories  per  24  hours  during  the  fast  to 
1,206  calories  with  the  diet,  an  increase  of  7.3  per  cent.  The 
least  change  was  in  the  case  of  Francis  M.  on  January  6.  The 
metabolism  decreased  from  1,213  to  1,209  calories  per  24  hours,  a 
decrease  of  0.3  per  cent.  The  average  increase  for  the  three  cases 
was  3.9  per  cent.  In  the  remaining  four  patients  the  diet  con- 
sisted of  the  amounts  of  pi'otein,  fat,  and  carbohydrate  which  were 
oxidized  during  the  fast.  The  greatest  rise  in  metabolism  was 
in  the  case  of  Patrick  M.,  April  14  and  15.  The  metabolism 
increased  from  1,265  to  1,330  calories  per  24  hours,  or  5.1  per  cent. 
The  least  change  was  in  the  case  of  Ben.  J.,  February  6  and  7. 
The  metabolism  decreased  from  904  to  869  calories  per  24  hours. 
The  average  increase  for  this  group  was  1.7  per  cent.  The 
average  increase  in  total  metabolism  over  fasting  for  the  series 
was  2.6  per  cent.  Thus  it  was  found  possible  to  give  to  a  patient 
as  many  calories  as  he  would  have  utilized  while  fasting  with  no 
significant  rise  in  metabolism.  That  the  small  extent  of  the  rise 
was  not  due  to  lack  of  calories  in  the  diet  was  proved  by  giving 
extra  fat,  in  the  sense  of  fat  in  excess  of  the  quantity  which  had 
been  oxidized  by  the  patient  while  fasting.  This  excess  amounted 
to  from  30  to  230  per  cent.  Francis  M.  on  January  10  received 
over  50  per  cent  excess  and  his  metabolism  remained  even  below 
the  fasting  level.  Fi-ank  C.  on  March  28  received  100  per  cent  in 
excess  and  his  metabolism  increased  only  3.1  per  cent.  The 
average  increase  for  the  patients  who  received  the  excess  of  fat 
was  only  2.5  per  cent  above  the  level  observed  during  the  previous 
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fast.  The  increase  was  thus  essentially  the  same  as  it  had  been 
with  the  replacement  diet  alone.  These  results  hold  for  a  diet 
continued  for  4  daj^s. 

The  extension  of  the  fast  to  2  days  and  of  the  diet  to  between 
2  and  7  days  caused  no  greater  increase  in  metabolism  than  did  the 
shorter  periods.  Thus  the  increase  in  metabolism,  as  compared 
to  that  of  the  previous  fast,  averaged  2.6  per  cent  for  1  day  of  fast 
and  1  day  of  diet,  and  only  1.7  per  cent  for  2  days  of  fast  and  2 
or  more  days  of  diet. 

The  effect  of  a  second  fast  is  shown  in  Table  IV  and  Fig.  2, 
in  the  case  of  Francis  M.  on  January  13,  Chas.  C.  on  January  24, 
Ben.  J.  on  February  13,  and  Frank  B.  on  April  26.     The  decrease 

TABLE  V. 

Increase  or  Decrease  in  the  Oxidation  of  Foodstuffs  When  the  Replacement 

Diet  is  Substituted  for  Fasting. 


Calories  oxidized 

oer  24  hours. 

Diet. 

Absolute  increase  or  decrease. 

Percentage 
increase. 

Protein. 

Fat. 

Carbo- 

hy- 
drate. 

Total. 

Total. 

Protein-fat  diet 

"              "     +  additional  fat 

Replacement  diet 

"                "    +  additional  fat 

+74 

+  124 

+50 

+  10 

+2 

+  17 

-152 

-20 

-43 

-116 

+  125 
+40 

+33 

+25 
+23 
+29 

+3.9 
+2.3 

+  1.7 
+2.8 

Averages 

+66 

+30 

+2.6 

in  the  metabolism  as  compared  to  that  of  the  previous  diet  was  7.9, 
14.0,  4.5,  and  9.3  per  cent, respectively;  an  average  decrease  of  9  per 
cent.  The  decrease  in  metabolism  as  compared  to  that  of  the 
previous  fast  was  9.5,  8.5,  8.2,  and  6.8  per  cent,  respectively;  an 
average  decrease  of  8.3  per  cent.  It  may  be  said  then,  that  the 
replacement  diet  held  the  metabolism  at  about  the  level  of  the 
previous  fast,  but  did  not  cause  any  decrease,  such  as  resulted  from 
a  second  fast. 

b.  Effect  of  Replacement  Diet  on  the  Aletaholism  of  Protein,  Fat, 
and  Carbohydrate. — Results  are  shown  in  Tables  IV  and  V,  and  in 
Fig.  2. 

The  protein  metabolism  increased  somevv'hat  with  the  replace- 
ment diet  and  also  in  three  out  of  the  four  patients  to  whom  excess 
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of  fat  was  given.  The  increase  for  the  entire  series  averaged  IG 
gm.  a  day  (66  calories).  The  metabolism  oF  carbohydrate  and  fat 
depended  on  whether  or  not  the  carbohydrate  of  the  fast  was 
replaced.  When  the  carbohydrate  of  the  fast  was  replaced,  as  was 
done  with  the  last  four  patients,  they  oxidized  more  carbohydrate 
than  after  24  hours  of  fast.  In  such  cases  the  metabolism  of  fat 
decreased.  When  protein  and  fat  alone  were  replaced,  as  was  done 
witk  the  first  three  patients,  they  oxidized  less  carbohydrate  than 
during  a  fast.  The  metabolism  of  fat  then  increased,  but  only  to 
an  insignificant  extent,  averaging  2  gm.  a  day. 

When  carbohydrate  was  replaced  glycosuria  appeared  or  in- 
creased. Thus  Ben.  J.  had  no  glycosuria  after  a  fast  on  February- 
13,  but  excreted  o  gm.  on  February  17  after  3  days  of  replacement 
diet.  Frank  B.  had  only  a  trace  of  glucose  in  the  urine  on  the 
2nd  day  of  fasting,  but  excreted  nearly-  20  gm.  a  day  for  3  days  of 
replacement  diet.  This  increase  in  glycosuria  associated  with  an 
increase  in  the  metabolism  both  of  protein  and  carbohydrate  with 
the  replacement  diet  suggests  an  increased  mobilization  of  glucose. 

///.  Comparison  of  Food  Ingested  with  Food  Oxidized. 

This  paper  has  dealt  so  far  with  the  behavior  of  the  metabolism 
under  different  conditions.  The  data  have  been  utilized  in  another 
way,  to  compare  the  quantity  of  food  eaten  with  the  quantity 
oxidized.  This  is  an  extension  of  the  idea  of  balance  as  conve3^ed 
by  the  term  nitrogen  balance.  The  latter  is  the  relation  between 
the  quantity  of  protein  ingested  and  the  quantity  oxidized.  The 
same  conception  may  be  applied  to  carbohydrate  and  fat,  pro- 
vided that  allowance  be  made  for  any  portion  which  escapes 
oxidation  and  passes  into  the  urine.  These  balances  were  deter- 
minetl  in  observations  which  lasted  2  or  3  hours. 

In  Table  IV,  comparison  of  Columns  1  and  5  gives  the  protein 
balance.  The  results  are  shown  graphically  in  Fig.  2.  The 
protein  ingested  is  seen  in  nearly  every  case  to  be  less  than  the 
protein  oxidized. 

The  carbohjalrate  balance  is  similar  to  the  protein  balance. 
The  first  three  patients  of  Table  IV  received  no  carbohydrate,  yet 
they  all  oxidized  carbohydrate.  For  at  least  6  consecutive  days 
Francis  M.  continued  to  oxidize  carbohydrate;  76  gm.  on  the  1st 
day,  and  33  gm.  on  the  6th.     Chas.  C.  oxidized  11  gm.  on  the  5th 
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day  and  39  gm.  on  the  6th.  Frank  C.  at  the  end  of  2  days  of  com- 
plete fasting  oxidized  54  gm.  Frank  B.  at  the  end  of  2  days  oxi- 
dized 21  gm.  It  is  evident  that  whether  fasting  completely,  or 
merel}^  foregoing  carbohydrate,  these  patients  continued  to  draw 
on  their  own  tissues  for  considerable  quantities. 

With  respect  to  the  fat  balance,  there  is  a  relation  diametrically 
different  from  that  which  obtains  with  the  other  two  foodstuffs. 
There  is  evidence  of  a  very  marked  storage  of  fat.  For  example, 
Francis  M.,  on  Januarj^  10,  oxidized  73  out  of  114  gm.;  Chas*.  C, 
on  January  23,  oxidized  85  out  of  133  gm.;  Ben.  J.,  on  February 
20,  oxidized  37  out  of  91  gm.;  Frank  C,  on  March  28,  oxidized  53 
out  of  130  gm.  The  tissues  of  these  undernourished  diabetics 
seem  to  soak  up  fat  like  a  sponge.  Ben.  J.,  who  was  emaciated 
to  the  last  degree,  on  February  7,  stored  the  entire  amount  given, 
and  oxidized  protein  and  carbohydrate  instead. 

DISCUSSION. 

7.  Technique. 

It  is  to  be  noted  that  the  results  obtained  in  this  paper  were 
based  upon  observations  after  12  hours  of  complete  rest.  The 
conclusions  might  be  modified  if  there  were  an  increase  in  the 
activity  of  the  patient  combined  with  an  alteration  in  the  propor- 
tions of  foodstuffs  oxidized.  For  the  present  we  are  unable  to 
apply  them  strictly  except  to  patients  at  rest. 

An  average  of  1|  hours  elapsed  between  the  last  meal  and  the 
beginning  of  the  calorimeter  observations.  The  results  were, 
however,  the  same  in  later  observations  in  which  this  period  was 
included. 

II .  Results. 

Basal  Metabolism. — Seven  of  the  patients  were  amenable  to 
treatment  by  means  of  the  diet  and  may  be  said  to  have  been  under 
control,  in  the  sense  that  they  had  neither  marked  ketosis  nor 
severe  glycosuria.  Another  patient  was  in  diabetic  coma.  The 
basal  metabolism  of  the  seven  patients  whose  diabetes  was  under 
control  was  found  to  be  depressed  in  rough  proportion  to  the 
percentage  diminution  of  the  weight  below  the  average  of  the 
medico-actuarial  standards.     Tlfe  lower  the  weight  the  lower  the 
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metabolism.  The  results  tend  to  confirm  those  previously 
obtained  in  this  laboratory,  and  those  of  Wilder,  Boothby,  and 
Beeler  (0).  On  the  other  hand,  the  metabolism  of  a  patient  in 
coma  was  cons]iiouously  in  excess  of  that  to  be  expected  of  a  man 
of  his  age  and  weight.  This  excess  tends  to  bear  out  the  conten- 
tion of  Benedict  and  Joslin  (4)  that  there  is  an  increase  in  the 
metabolism  in  cases  of  acidosis.  There  are  several  factors  which 
might  be  responsible  for  the  increase,  but  most  of  it  could  be  ac- 
counted for  on  the  basis  of  the  increase  in  the  metabolism  of  pro- 
tein. Using  the  table  of  Aub  and  Du  Bois  (21)  we  calculated 
that  7.6  calories  per  hour  were  due  to  his  metabolism  of  protein 
over  and  above  the  average  of  the  other  patients.  His  total 
metabolism  of  44  calories  per  hour  —7.6  leaves  36.5,  which 
divided  by  an  estimated  normal  of  39.5  gives  92  per  cent,  or  —8 
instead  of  +11  per  cent.  Another  factor  which  may  have  in- 
creased the  metabolism  of  this  patient  was  his  extremely  labored 
respiration. 

Metabolism  with  Replacement  Diet. — ^The  metabolism  rose  with 
the  replacement  diet  only  slightly  above  the  basal  level,  on  the 
average  2.6  per  cent.  This  diet  seemed  to  hold  the  metabolism  at 
the  level  previously  reached  by  fasting,  although  considerably 
above  the  level  which  resulted  from  a  subsequent  fast.  Had  the 
same  amount  of  food  been  given  in  larger  meals  at  less  frequent 
intervals  a  larger  rise  might  have  been  expected.  On  the  one 
occasion  when  we  tried  this  the  metabolism  rose  only  5  per  cent 
above  the  fasting  level. 

Effect  of  the  Oxidation  of  Protein,  Fat,  and  Carbohydrate. — -Though 
the  metabolism  as  a  whole  changed  little  with  the  replacement 
diet  the  oxidation  of  the  individual  food  elements  was  not  the  same 
as  it  had  been  during  the  fast.  The  oxidation  of  protein  increased. 
When  the  diet  contained  no  carbohydrate  the  oxidation  of  car- 
bohydrate fell  off  and  the  glucose  in  the  urine  remained  stationary. 
W^ien,  on  the  other  hand,  the  diet  did  contain  carbohydrate  the 
oxidation  of  this  substance  increased,  and  with  it  the  glycosuria, 
showing  that  the  patient's  ability  to  oxidize  glucose  had  been 
taxed.  To  remedy  this  defect  the  allowance  of  protein  and  car- 
bohydrate should  be  curtailed,  and  the  fat  correspondingly 
increased.  The  result  would  resemble  the  diets  advocated  by 
Newburgh  and  Marsh  (22).  E.^eriments  with  this  type  of  diet 
are  to  be  reported  from  this  laboratory  later. 
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Comparison  of  Food  Ingested  with  Food  Oxidized. — A  quantitative 
comparison  between  the  food  ingested  and  oxidized  revealed  a 
negative  protein  balance,  a  negative  carbohydrate  balance,  and  a 
markedly  positive  fat  balance.  The  negative  protein  balance 
is  similar  to  the  negative  nitrogen  balance  frequentty  observed  in 
diabetes,  and  requires  no  comment.  The  negative  carbohydrate 
balance  is  of  interest.  It  means  that  to  the  diet  as  given  the 
tissues  may  contribute  a  quantity  which  is,  in  the  absence  of 
respiratory  data,  unknown.  Even  if  this  added  carbohydrate  has 
a  beneficial  effect  it  contains  an  element  of  danger  in  that  it  might 
suddenly  fail.  Another  interesting  question  arises  as  to  its 
source.  Certainly  it  cannot  come  from  the  original  store  of  gly- 
cogen present  in  health,  which  is  estimated  by  Joslin  (2.3)  to 
average  400  gm.,  and  is  hardly  sufficient  to  last  the  month  out 
at  the  rate  at  which  we  have  observed  it  to  be  withdrawn.  Hence 
there  must  be  at  times  storage  of  carbohydrate  in  order  that  at 
other  times  there  may  be  withdrawal.  Where  this  storage  can 
occur  is  a  puzzle,  because  the  diabetic  has  been  considered  very 
poor  in  glycogen.  Perhaps  this  depletion  may  be  exaggerated,  as 
indicated  in  an  interesting  discussion  by  Joslin  (23). 

In  computing  the  fat  balance  no  deduction  was  made  for  fat 
in  the  feces.  A  liberal  allowance  for  this  factor  would  be  10  per 
cent  of  the  intake  (24,  25).  As  none  of  our  patients  had  diar- 
rhea, and  most  were  constipated,  no  reason  is  apparent  for  their 
exceeding  this  quantity.  Even  with  this  allowance  there  was 
still  a  very  markedlj^  positive  fat  balance. 

We  found  no  limit  in  the  ability  of  our  patients  to  store  fat. 
The  largest  quantity  of  fat  given  was  120  gm.  and  even  with  this 
amount  the  metabolism  of  fat  was  no  greater  than  it  had  been 
during  the  fast. 

SUMMARY   AXD    CONCLUSIONS. 

1.  B\^  means  of  the  respiration  calorimeter  the  quantities  of 
protein,  fat,  and  carbohydrate  oxidized  by  diabetic  patients  at 
rest  were  determined.  The  same  amounts  were  then  given  in  the 
diet,  which  we  have  called  a  replacement  diet.-  With  this  the 
metabolism  was  held  at  the  level  previously  reached  by  fasting. 

2.  According  to  evidence  based  on  the  respiratory  quotient,  the 
replacement  diet  was  attended  with  an  increase  in  the  quantity 
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of  protein  and  carbohydrate  oxidized,  and  of  glucose  excreted. 
To  remedy  this  defect  it  sliould  be  modified  liy  decreasing  the 
protein  and  carbohj^drate,  and  increasing  the  fat,  thus  approaching 
the  Newburgh  type  of  diet. 

3.  A  method  is  described  for  the  quantitative  comparison 
of  the  food  ingested  witli  llie  food  oxiihzed.  Diabetic  patients, 
receiving  their  basal  caloric  reciuirements  plus  in  se\'eral  instances 
considerable  quantities  of  fat,  oxidized  more  protein,  more  car- 
bohydrate, and  less  fat  than  the.y  received.  In  other  words,  to 
their  allowance  of  food  they  added  protein  and  carbohydrate 
derived  from  their  own  tissues,  and  subtracted  a  considerable 
portion  of  the  fat  for  storage. 

4.  It  is  inferred  that  the  quantities  of  food  eaten  by  diabetic 
patients  may  be  widely  different  from  the  quantities  oxidized,  and 
that  calculations  ])ased  on  the  diet  are  subject  to  error. 

5.  The  above  results  ai:)ply  strictly  only  to  diabetic  patients 
at  rest. 
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TO  ELECTROMETRIC  ACID-BASE  TITRATIONS  IN  THE 
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ING ITS  USE   IN  ALKALINE  SOLUTION.* 
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As  the  title  indicates,  this  paper  deals  with  the  limits  of  ap- 
plicabilit}^  of  a  simplified  method  for  the  determination  of  hy- 
drogen ion  concentration,  suggested  by  Biilmann,  in  which  the 
hydrogen  electrode  is  replaced  by  an  electrode,  using  a  solution 
of  benzoquinhydrone  in  place  of  gaseous  h3^drogen,  and  more 
particularly  with  the  causes  underlying  the  limitations  of  this 
method  in  alkaline  solution. 

It  is  well  known  that  the  hydrogen  electrode  does  not  give 
satisfactory  results  in  the  presence  of  atmospheric  oxygen,  un- 
saturated substances,  and  traces  of  other  active  oxidizing  agents 
such  as  nitrate  ions.  It  is  possible,  of  course,  to  use  the  hydro- 
gen electrode  when  such  interfering  substances  are  present  by 
permitting  the  solution  to  remain  in  contact  with  the  platinum 
black  hj^drogen  combination  long  enough  so  that  the  system  is 
reduced  to  such  a  point  that  it  will  support  the  oxidation  re- 
duction potential  set  up  by  one  atmosphere  of  hydrogen.  This 
procedure,  however,  is  not  always  feasible,  and  when  it  is  the 
true  hydrogen  ion  concentration  of  the  original  solution  may 

*  Presented  before  the  Physiological  Society  of  Great  Britain  on  Janu- 
ary 20,  1923.  Abstracted  in  the  Proceedings  for  the  Society  of  Experi- 
mental Biology  and  Medicine  (1). 

t  Instructor,  Department  of  Chemistry,  Columbia  University,  on  leave 
of  absence  as  Wm.  Bayard  Cutting,  Jr.,  Travelling  Fellow,  1922-23. 

t  Demonstrator  in  Physiology,  Cambridge  University,  working  under 
a  grant  from  the  Medical  Research  Council  of  Great  Britain. 
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he  altered  on  account  of  the  removal  of  hydrogen  ions  in  the 
reduction  process  or  simply  as  a  result  of  the  change  in  the  acidic 
or  basic  dissociation  constants  that  is  created  by  the  reduction 
of  one  part  of  the  molecule  of  the  acids  or  bases  that  are  present. 

The  change  in  the  hydrogen  ion  concentration  of  blood  owing 
to  the  removal  of  ox3'-gen  is  an  important  instance  of  the  latter 
case  and  it  was  partly  with  the  idea  of  later  investigating  the 
possibility  of  devising  a  method  for  determining  the  h^'drogen 
ion  concentration  directly  in  oxygenated  blood  that  these  experi- 
ments were  undertaken. 

In  addition  to  possessing  the  advantage  of  enabling  one  to 
determine  pH  very  accurately  in  the  presence  of  certain  of  the 
oxidizing  agents  mentioned  above,  the  benzoquinlwdrone  method 
possesses  the  further  advantage  of  simplicity  in  that  it  eliminates 
the  need  for  a  supply  of  hydrogen  and  its  attendant  purification. 

The  technique  consists  simply  in  dissolving  a  few  crystals  of 
this  quinhy  drone  in  the  medium  under  examination  and  measur- 
ing the  resulting  oxidation-reduction  potential,  which  is  promptly 
established  with  an  inert  electrode  such  as  plain,  or  better,  gold 
plated  platinum  in  the  usual  manner  by  ojiposing  it  to  a  calomel 
half  cell. 

The  theory-  of  the  method  is  based  upon  the  studies  of  Haber 
and  Russ  (2)  and  of  Granger  and  Nelson  (3)  who  have  shown 
that  benzoquinhydrone  in  aqueous  solution  is  highly  dissociated 
into  its  equimolecular  components  quinone  and  Iwdroquinone 
which  are  further  in  equilibrium  with  one  another  according  to 
the  following  electrochemical  equation: 

C6Hi(OH)2  ^  C6H4O2  +  2H+  +  29  (1) 

Since  the  reaction  is  strictly  reversible  Peters'  form  of  the 
van't  Hoff  isotherm  is  applicable  and  we  have  for  25°C.  the 
relation 

,    0.059  ,  [C6H4O2]       ,    .  _,„  ,       „+  f^. 

.  =  .„+_-  log  j^^jj^^Qjj.^j  +  0.059  log  H-  (2) 

Here  ir  is  the  electrode  potential  observed  and  ttq  is  the  normal 
potential  of  the  system;  namely,  +0.6990  volts  on  the  hydrogen 
electrode  scale.  From  this  it  is  seen  that  the  electrode  potential 
(which  is  determined  by  the  electron  pressure,  or  better,  the 
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electron  activity  of  the  solution)  is  a  linear  function  of  the  loga- 
rithm of  the  hydrogen  ion  concentration  as  long  as  reaction  (1) 
remains  uncomplicated  by  side  reactions. 

Biilmann  (4),  working  independently  of  Granger  and  Nelson, 
was  the  first  to  advocate  the  method  as  a  means  of  determin- 
ing pH.  He  pointed  out  that  since  benzoquinhy drone  yielded 
equimolecular  quantities  of  quinone  and  hydroquinone  the  term 
involving  the  concentration  ratio  under  such  conditions  vanishes 
and  we  have 

-  log  H+  =  pH  =  "°  "  "  °'^^^""^  (3) 

^  0.059 

an  equation  exactly  analogous  to  the  usual  hydrogen  electrode 
equation  except  for  the  value  of  ttq. 

Biilmann  derives  this  equation  from  a  somewhat  different 
view-point.     He  considers  the  following  equilibrium  to  be  set  up: 


so  that 


CoH4(OH),  ^  CcH.O.  +  H2 


[H2J  =  K 


[CeH^O.] 


Here  [Ho]  equals  10~^''"^  atmospheres  when  the  ratio  hydro- 
quinone to  quinone  is  unity  as  is  the  case  with  quinhydrone, 
and  the  quinhydrone  electrode  possesses  a  partial  (thermody- 
namic) pressure  of  10~-^'''^  atmospheres  of  hj'drogen  which  he 
calls  Pq. 

From  the  equation  connecting  two  hydrogen  electrodes  at 
pressures  of  one  atmosphere  and  Pq  atmospheres  we  get : 

0.059  ,       1 

Pressure  correction  =  log  :;7~  =  +  0.6990  volts 

2  Pq 

as  the  correction  to  be  applied  to  a  hydrogen  electrode  under 
the  reduced  pressure  of  Pcj  atmospheres. 
Substituting  this  correction  in  the  equation 

TTo  hj'drogen  —  tt  observed  +  pressure  correction 
0.059 

we  obtain  equation  (3)  since  the  normal  potential  of  the  hydrogen 
electrode  (-„  hydrogen)  is  by  definition  considered  as  zero. 
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That  is,  we  ma}'  say  that  we  are  supplying  hydrogen  in  solid 
form  at  a  constant  infinitesimal  value  from  the  dissociation 
pressure  of  the  hydroquinone  of  the  quinhydrone. 

This  is  equivalent  to  assuming  that  the  two  following  elec- 
trochemical reactions  (a)  and  (b)  are  in  mobile  equilibrium  so 
that  we  have  their  sum  (c)  as  an  active  reaction: 

(a)  C6H4(OH)2  ^  C6H4O2  +  2H+  +  29 

(b)  2H+  +  29  ^  H2 


(C)  C6H4(OH)2  ?:±  C6H4O2  +  H2 

The  two  view-points,  of  course,  are  of  equal  value  thermod}^- 
namicalh'  as  neither  the  time  factor  nor  the  path  by  which  equi- 
librium is  reached  is  concerned  in  a  thermodynamic  derivation. 

The  present  writers  believe,  however,  that  the  electrochemical 
view-point  which  seeks  to  correlate  all  oxidation-reduction  poten- 
tials as  being  due  to  an  effective  electron  pressure^  is  more 
in  accord  with  the  kinetics  of  the  reaction  than  the  one  which 
considers  the  electrode  to  function  as  a  hj^drogen  electrode  at 
low  partial  pressure.  The  reasons  for  our  preference  are  as 
follows: 

1.  A  calculated  partial  pressure  of  IQ-^^-^^  atmospheres  of 
hydrogen  is  so  vanishingly  small  that  it  cannot  represent  an 
actual  concentration,  but  is  simply  a  measure  of  the  probability 
that  electrons  and  hj^drogen  ions  are  combined  at  any  given 
moment  as  hydrogen  molecules.  This  probability  would  cor- 
respond to  a  concentration  represented  by  1.4  molecules  of 
hjalrogen  gas  in  22.4  liters  of  gas  surrounding  the  electrode, 
a  quantity  insufficient  to  be  of  any  statistical  importance. 

2.  Experiments  have  shown  that  gaseous  hydrogen  will  not 
reduce  quinone  in  the  absence  of  platinum  black,  and  a  plain 
gold  electrode  immersed  in  a  quinhydrone  solution  saturated 
with  hydrogen  will  give  the  pH  corresponding  to  the  quinone- 
h3'^droquinone  equilibrium.  The  fact  that  the  gold  electrode 
reacts  promptly  to  changes  in  pH,  but  not  to  changes  in  hydrogen 
pressure,  indicates  very  strongly,  in  our  opinion  that  reaction 
(b)  and  therefore  reaction  (c)  are  not  in  mobile  equilibrium  so 
that  it  is  only  reaction  (a)  which  should  be  considered. 

1  See  particularly  Clark,  W.  M.,  The  determination  of  hydrogen  ions, 
Baltimore,  2nd  edition,  1922,  where  this  view-point  has  been  developed  in 
more  detail. 
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Some  recent  work  of  Conant  and  Cutter-  may  be  interpreted 
as  indicating  that  reversible  reductions  like  quinone  to  Iwdro- 
quinone  consist  in  the  simultaneous  addition  of  hydrogen  ions 
and  electrons  while  irreversible  reductions  such  as  the  saturation 
of  a  double  bond  require  the  electron  and  hjj-drogen  ion  to  be 
combined  first  as  a  hydrogen  atom  and  then  added  to  the  double 
bond. 

We  may  consider  then  that  it  is  both  this  inertness  of  reaction 
(b)  in  the  absence  of  platinum  black  as  well  as  the  extremely 
low  partial  pressure  of  h^^drogen  which  may  be  considered  to 
be  the  reason  why  Biilmann  had  success  with  the  electrode  in 
the  presence  of  unsaturated  organic  substances.  It  w^ill  be 
highly  important  to  investigate  the  rate  at  which  such  oxidizing 
and  reducing  substances  affect  hydroquinone  and  quinone  for 
the  rational  extension  of  the  electrode  to  other  S3'stems. 

Some  preliminary  experiments  on  the  use  of  the  quinhydrone 
electrode  as  an  alternative  to  the  hydrogen  electrode,  carried 
out  by  one  of  us  in  the  summer  of  1922  yielded  results  similar 
to  those  given  in  Fig.  1  where  the  pH  values  obtained  in  the 
titration  of  acids  by  bases  are  plotted  against  the  quantity  of 
alkali  added,  using  both  the  quinhydrone  and  hj'drogen  electrodes. 

These  experiments  showed  at  once  that  the  quinhydrone  elec- 
trode was  admirably  suited  for  the  determination  of  the  titration 
values  of  strong  acids  since  it  gave  breaks  at  the  end-point 
comparable  to  the  hydrogen  electrode,  came  to  equilibrium  very 
promptly,  and  above  all  was  more  simple  to  operate  with  limited 
equipment. 

It  was  accordingly  considered  worth  while  to  investigate  the 
electrode  more  carefull}-  in  neutral  and  alkaline  solution  than 
has  been  previously  done,  since  this  is  the  most  important  range 
for  biological  purposes,  as  well  as  of  being  important  for  esti- 
mating the  minimum  strength  of  acids  which  can  be  titrated  in 
its  presence. 

Before  proceeding  to  the  experimental  data  we  shall  present 
the  various  circumstances  which  may  cause  the  quinhydrone 
electrode  to  give  values  different  from  the  hydrogen  electrode. 

Equation  (2)  shows  that  the  validit}^  of  the  method  depends 

2  Conant,  J.  B.,  and  Cutter,  H.  B.,  J.  Am.  Chem.  Soc,  1922,  xliv,  2651. 
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Fig.  1.  Curve  I  represents  0.2  m  acetic  acid — hydrogen  electrode; 
Curve  II,  0.2  m  acetic  acid — quinhydrone  electrode  corrected  for  factor 
(la),  see  page  623;  Curve  III,  0.2  m  acetic  acid — quinhydrone  electrode 
uncorrected;  Curve  IV,  0.2  m  hydrochloric  acid — hydrogen  electrode; 
Curve  V,  0.2  m  hydrochloric  acid — quinhydrone  electrode  corrected  for 
factor  (la);  Curve  VI,  0.2  m  hydrochloric  acid — quinhydrone  electrode 
uncorrected;  Curve  VII,  0.2  m  boric  acid  titrated  with  0.05  m  borax — hy- 
drogen electrode;  and  Curve  VIII,  0.2  m  boric  acid  titrated  with  0.05  m 
borax — quinhydrone  electrode. 
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primarily  upon  maintaining  the  ratio  of  quinone  to  hych'oquinone 
strictly  equal  to  unity  or  to  some  other  constant  and  known 
value. 

There  are  at  least  three  factors  which  may  cause  this  ratio 
to  be  disturbed;  namely, 

I.  The  ionization  of  hydroquinone  as  a  weak  acid.  This, 
(la),  may  affect  the  observed  potential  by  changing  the  nature 
of  the  electrode  reaction  so  that  it  takes  the  course  indicated  bj' 

C6H4O2  +  29  ^  CoH402=  (4) 

the  reduced  form  existing  as  an  ion,  an  equation  which  jdelds 
a  potential  independent  of  the  hydrogen  ion  concentration; 
or  (lb)  it  may  affect  the  actual  pH  of  the  solution  by  participat- 
ing in  the  acid-base  equilibrium  through  removal  of  hydroxyl  ions 
through  neutralization  of  the  hydroquinone  in  alkaline  solution. 

II.  Through  hydroquinone  or  quinone  being  converted  into 
the  other  by  the  action  of  some  other  active  oxidizing  or  reducing 
component  present  in  the  sj'stem,  or  by  their  imequal  conversion 
into  other  bodies.  The  presence  of  such  rapid  oxidizing  agents 
as  ferric,  permanganate,  and  dichromate  ions  or  the  rapid  re- 
ducing agents  as  iodide,  titanous,  and  chromous  ions,  to  mention 
only  a  few,  will  obviously  interfere  with  the  use  of  the  quinhydrone  ' 
electrode,  as  all  of  these  substances  react  so  rapidl}'  with  hj^dro- 
quinone  or  quinone  that  they  maj^  be  used  to  determine  them  in 
volumetric  analysis.  The  autoxidation  of  hydroquinone  by  the 
oxygen  of  the  air  is  a  particularly  important  practical  complication 
falling  under  this  heading  and  will  be  the  onl}-  one  considered 
in  this  paper. 

III.  Through  changes  in  the  activities  of  hydroquinone  and  of 
quinone  due  to  the  presence  of  other  electrolytes.  This  is  due 
to  the  fact  that  the  position  of  an  equilibrium  is  determined  not 
by  the  stoichiometrical  concentrations  of  the  participating  sub- 
stances but  b}^  their  thermodynamic  concentrations  {i.e.,  their 
activities  or  their  active  mass  in  the  older  terminology).  The 
activity  of  the  hydrogen  ion  does  not  enter  in  this  case  as  it  is 
the  logarithm  of  the  activity  rather  than  of  the  stoichiometrical 
concentration  of  hydrogen  ion  which  is  measured  and  designated 
as  pH.  The  activity  question  has  been  carefull}^  studied  bj^ 
Sorensen  and  his  collaborators   (5)   who  have  shown  that  the 
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electrode  exhibits  a  marked  salt  effect  in  concentrated  solution. 
Fortunately,  the  error  is  not  important  for  the  salt  concentra- 
tions usually  met  with  under  physiological  conditions,  and  may 
be  dismissed  with  the  statement  that  it  may  be  considered  to 
cause  an  error  of  less  than  0.5  millivolt  (pH  values  0.01  too 
large)  provided  the  total  salt  conccnitrations  involved  arc  less 
than  0.2  molar.  Until  further  work  has  been  done  on  other 
salt  systems  than  hydrochloric  acid  and  sodium  chloride,  this 
statement  should  be  considered  general  only  if  the  ions  involved 
are  univalent  and  do  not  show  a  ver}-  marked  tendency  to  hy- 
drate in  solution. 

In  contrast  to  factor  (III),  the  data  will  show  that  factors  (I) 
and  (II)  may  become  of  considerable  importance  in  an  alkaline 
solution. 

EXPERIMENTAL. 

Careful  electrometric  titrations  furnish  the  simplest  way  of 
obtaining  data  over  a  wide  range  of  pH  to  test  the  relative  impor- 
tance of  the  factors  enumerated.  Parellel  titrations  were  ac- 
cordingly made,  using  the  quinliA^drone  electrode  in  one  case 
and  the  hydrogen  electrode  in  another.  The  experiments  re- 
corded here  were  performed  in  a  water  bath  at  25  and  37.5°C. 

The  titrating  apparatus  was  practically  identical  with  that 
employed  by  La  Mer  and  Baker  (6)  in  their  work  on  the  oxida- 
tion-reduction potentials  of  the  substituted  quinone-hj^droquinone 
systems,  except  that  the  inlet  and  outlet  tubes  for  nitrogen 
were  dispensed  with  when  the  quinhydrone  electrode  was  used, 
free  access  of  air  being  permitted  since  it  was  particularly  desired 
to  test  what  effect  air  had  upon  the  results  with  quinhydrone. 

A  small  glass  cylinder  of  approximately  100  cc.  capacity 
served  as  the  titrating  vessel  and  it  was  supported  in  the  bath 
so  that  shaking  could  be  readily  obtained  after  each  addition  of 
alkali.  Both  the  hydrogen  and  quinhydrone  electrodes  were 
measured  against  the  saturated  calomel  half  cell,  connection 
with  which  was  made  by  a  salt  bridge  consisting  of  a  glass  tube 
4  mm.  in  diameter  and  filled  with  saturated  potassium  chloride. 

It  is  highly  important  for  precise  electrometric  titration  work 
to  prevent  the  interdiffusion  of  KCl  from  the  salt  bridge  and  the 
substances  which  are  being  titrated  in  the  electrode  vessel.     This 
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is  necessary  not  only  to  prevent  escape  of  the  material  being 
titrated  but  since  a  contact  potential  exists,  whose  magnitude 
varies  with  the  condition  of  mixing  of  the  two  fluids  at  the  inter- 
face, it  must  be  maintained  at  a  constant  value  throughout  the 
titration. 

We  have  found  these  requirements  to  be  admirably  fulfilled 
bj^  inserting  a  small  glass  stopper  into  the  salt  bridge,  the  stopper 
being  ground  sufficiently  tight  to  prevent  diffusion  and  yet  afford 
good  conductivit}^  After  a  period  of  10  to  20  minutes  a  con- 
stant and  reproducible  contact  potential  is  established  showing 
that  a  mixing  equilibrium  exists  in  the  capillaries  between  the 
stopper  and  wall  of  the  glass  tube.  This  contact  potential  is 
not  disturbed  by  the  small  fluctuations  in  pressure  caused  by 
the  bubbling  of  the  hydrogen  through  the  solution  in  the  elec- 
trode vessel.  However,  complete  interference  with  the  escape 
of  hydrogen  so  that  some  fluid  is  forced  through  the  capillaries 
owing  to  the  pressure  developed,  causes  a  disturbance  in  the 
mixing  equilibrium  with  the  result  that  the  contact  potential 
may  change  as  much  as  several  millivolts  when  hydrochloric 
acid  is  used. 

When  this  occurs  it  usually  requires  another  10  to  20  minutes 
to  reestablish  the  original  contact  potential,  so  that  it  is  necessary 
to  guard  against  excess  pressure  in  the  electrode  vessel,  else  one 
may  be  deceived  into  thinking  that  electrode  equilibrium  has 
not  been  reached. 

The  cells  measured  may  be  represented  as  follows: 

Saturated  calomel  -  KCl  -  cell  (^'^t^^Jingl  _  jj      p^ 

[  solution  J 

Saturated  calomel  —  KCI  —  cell  <^       ,   ,.    '^ \  —  quinhvdrone  —  Pt 

[  solution  J        ^        -^ 

The  observed  e.m.f.  is  recorded  as  positive  when  the  pole  on 
the  right  hand  side  as  written  above  is  positive. 

A  detailed  summary  of  some  of  the  typical  results  is  given  in 
Tables  I  to  IV.  The  pH  values  recorded  in  Columns  4  and  5 
of  these  tables  are  calculated  from  equation  (3)  using  the  value 
0.4520  volt  for  the  quinhydrone  electrode  when  opposed  to  the 
saturated  calomel  cell  at  25°C.  This  follows  if  we  take  the  satu- 
rated calomel  cell  including  its  contact  potential  to  be  0.2470  volt 
positive   to   the   normal   hydrogen   electrode.     This   value   was 
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that  obtained  by  La  Aler  and  Baker  (0)  assuming  0.1  x  IRl 
to  be  92  per  cent  ionized.  Their  work  is  in  perfect  agreement 
with  that  of  Biihnann  in  that  the  quinhydrone  electrode  is  0.6990 
±0.0002  volt  positive  to  the  hych-ogcn  electrode  at  25°C.  It  is 
immaterial  for  a  comparison  of  the  quinhydrone  and  hj^drogen 

TABLE  I. 

Electromclrir  Titraiion  oj  20  Cc.  of  0.2  M  Acetic  Acid  with  Approximatehj 
0.2  M  Sodium  111/dro.ride. 
Temperature    25°C.     End-point    clectronictrically    19.00    co.      Flienol- 
phthalein  19. GO  ec. 


XaOH 

H«  electro- 

Quinhydrone 

H>  elentro- 

Quin- 

Column 3  — 

Column  5— 

added. 

iiiotnc 
ralomel. 

caloiT^el. 

metric. 

hydrone. 

Column  2. 

Column  4. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

cc. 

pU 

pH 

0.00 

-0.40G1 

+0.2936 

2.86 

2.68 

0.6997 

-0.18 

2.00 

-0.4657 

+0.2333 

3.71 

3.71 

0.6990 

±0.00 

4.00 

-0.4858 

+0.2137 

4.05 

4.04 

0.6995 

-0.01 

6.00 

-0.4992 

+0.2005 

4.27 

4.26 

0.6997 

-0.01 

8.00 

-0.5102 

+0.1891 

4.45 

4.45 

0.6993 

±0.00 

10.00 

-0.5203 

+0.1789 

4.63 

4.62 

0.6992 

±0.00 

12.00 

-0.5306 

+0.1684 

4.80 

4.80 

0.6990 

±0.00 

14.00 

-0.5435 

+0.1556 

5.02 

5.02 

0.6991 

±0.00 

16.00 

-0.5584 

+0.1403 

5.26 

5.26 

0.6987 

±0.00 

17.00 

-0.5695 

+0.1297 

5.45 

5.45 

0.6992 

±0.00 

18.00 

-0.5824 

+0.1140 

5.70 

5.72 

0.6964 

+0.02 

18.50 

-0.5948 

+0.1033 

5.89 

5.90 

0.6981 

+0.01 

19.00 

-0.6164 

+0.0844 

6.25 

6.22 

0.7008 

-0.03 

19.40 

-0.6703 

+0.0440 

7.16 

6.91 

0.7143 

-0.25 

19.50 

-0.7370 

+0.0292 

8.30 

7.16 

0.7662 

-1.24 

19.80 

-0.8917 

-0.0482 

10.90 

8.47 

0.8435 

-2.43 

20.00 

-0.9093 

-0.0715 

11.20 

8.85 

0.8378 

-2.35 

20.50 

-0.9249 

-0.1021 

11.50 

9.36 

0.8028 

-2.14 

21.00 

-0.9340 

-0.1187 

11.63 

9.66 

0.8153 

-1.97 

21.50 

-0.9404 

-0.1320 

11.71 

9.86 

0.8084 

-1.85 

22.00 

-0.9450 

-0.1451 

11.85 

10.10 

0.7999 

-1.75 

22.50 

-0.9485 

-0.1565 

11.88 

10.29 

0.7920 

-1.59 

electrodes  if  the  value  0.2470  for  the  calomel  cell  is  not  absolutely 
correct  as  such  error  affects  both  electrodes  equally. 

The  difference  in  the  observed  potentials  of  the  hydrogen  and 
quinhj-drone  electrodes  is  given  in  Column  6  of  the  tables.  Devi- 
ations from  the  theoretical  value  0.6990  indicate  how  much 
the  observed  quinhydrone  electrode  potentials  differ  from  those 
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of  the  hydrogen  electrode  owing  to  the  operation  of  factors  (I) 
to  (III).  In  Column  7  we  have  given  the  discrepancy  between  the 
two  electrodes  in  terms  of  pH  units.  Since  no  correction  has 
been  made  for  the  salt  error  in  0.2  molar  buffers,  a  discrepancy 
of  0.01  pH  unit  may  be  expected  between  the  two  electrodes. 
It  will  be  seen  from  all  the  tables  that  the  differences  in  the  pH 

TABLE  II.  # 

Eleclromelric  Titration  at  25°C.  of  25  Cc.  of  0.2  M  KH.POi  loilh  0.2  \l  NaOH 
Showing  Results    Using   the  Hydrogen  Electrode  and  the   . 
Quinhydrone  Electrode  in  the  Presence  of  Air. 


NaOH 
added. 

(1) 

Hi  electro- 
metric  calomel. 
(2) 

Quinhydrone 
calomel. 

13) 

Hl'  ebctro- 

metric. 

(4) 

Quin- 
hydrone. 

(5) 

Column  3  — 
Column  2. 

(6J 

Column  5  — 
Column  4. 

(7) 

cc. 

p/1 

pH 

0.00 

-0. 50.38  (?) 

+0.1989(?) 

4.35(?) 

4.28(?) 

0.7027  (?) 

-0.07  (?) 

2.00 

-0.5784(?) 

+0.1230 

5.61 

5.. 57 

0.7014 

-0.04 

3.00 

-0,5899(?) 

+0.1111 

5.80 

5.78 

0.7010 

-0.02 

5.00 

-0.6056(?) 

+0.0944 

0.07 

6.05 

0.7000 

-0.02 

7.00 

-0.6172 

+0.0832 

6.27 

6.25 

0.7004 

-0.02 

9.00 

-0.6271 

+0.0725 

6.44 

6.43 

0.6996 

-0.01 

11.00 

-0.6358 

+0.06.37 

6. 58 

6.. 58 

0.6995 

±0.00 

13.00 

-0.6443 

+0.0.5.53 

6.72 

6.72 

0.6996 

±0.00 

15.00 

-0.6.530 

+0.0473 

6.87 

6.85 

0.7006 

-0.02 

17.00 

-0.6622 

+0.0.386 

7.02 

7.00 

0.7008 

-0.02 

19.00 

-0.6731 

+0.0265 

7.20 

7.20 

0.6996 

±0.00 

21.00 

-0.6871 

+0.0127 

7.45 

7.44 

0.6998 

-0.01 

23.00 

-0.7093 

-0.0079 

7.83 

7.79 

0.7014 

-0.04 

24.00 

-0.7270 

-0.0264 

8.13 

8.10 

0.7006 

-0.03 

25.00 

-0.8179(?) 

-0.0604(?) 

9.66(?) 

8.67  (?) 

0.7575  (?) 

-0.99(?) 

Potential  of  the  quinhydrone  electrode  at  pH  8.13  stable  to  0.2  millivolt 
for  8  minutes  but  drifted  2  millivolts  in  27  minutes  on  the  last  addition  of 
alkali  (25.00  cc).  The  hydrogen  electrode  also  drifted  slightly  due  no 
doubt  to  lack  of  adequate  buffering.  The  slight  discrepancies  noted  in 
acid  solution  were  due  more  to  sluggishness  on  the  part  of  the  hydrogen 
electrodes,  than  to  the  quinhydrone  electrodes,  as  the  latter  checked 
perfectly  among  themselves,  while  the  former  required  a  very  much  longer 
time  for  equilibrium. 

values  do  not  usually  exceed  this  amount  except  in  alkaline  solu- 
tion where  the  difference  is  sometimes  considerable,  or  in  those 
portions  of  the  curve  where  the  pH  is  not  well  buffered  and  con- 
sequently easily  affected  by  minute  errors  in  the  addition  of 
the  alkali.  This  will  be  noted  only  in  pure  acid  solution  or  when 
passing  through  a  neutralization  end-point.     This  concordance 


TABLE  III. 

Electromctric  Titration  of  0.2  .1/  Boric  Acid  and  0.2  M  KCL  by  0.2  M  XaOII 

Using  Quinhydrone  Electrode  in  the  Presence  of  Air 

and  Hydrogen  Electrode  at  25°C. 


XaOH 
added. 

H:  eleotro- 

metric 

calomel. 

Quinhydrone 
calomel. 

H2  electro- 
metric. 

Quin- 
hydrone. 

Column  3— 
Column  2. 

Column  5  — 
Column  4. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

cc. 

PH 

pH 

0.00 

-0.5696 

+0.1303 

5.46 

5.44 

0.6999 

-0.02 

1.00 

-0.6496 

+0.0500 

6.81 

6.80 

0.6996 

-0.01 

2.00 

-0.6700 

+0.0283 

7.16 

7.17 

0.6983 

+0.01 

4.00 

-0.6942 

+0.0047 

7.56 

7.56 

0.6989 

±0.00 

6.00 

-0.7105 

-0.0117 

7.85 

7.85 

0.6988 

±0.00 

8.00 

-0.7228 

-0.0237 

8.05 

8.05 

0.6991 

±0.00 

9.00 

-0.7285 

-0.0299 

8.14 

8.15 

0.6986 

+  0.01 

10.00 

-0.7338 

-0.0353 

8.23 

8.25 

0.6985 

+0.01 

11.00 

-0.7386 

-0.0404 

8.32 

8.34 

0.6983 

+0.02 

13.00 

-0.7468 

-0.0494 

8.45 

8.48 

0.6974 

+0.03 

15.00 

-0.7542 

-0.0579 

8.58 

8.63 

0.6967 

+0.05 

Quinhydrone  electrode  exhibited  a  slow  drift  at  pH  8.14,  but  was  ap- 
parently stable  at  pH  8.05.  The  time  consumed  in  taking  readings  from 
pH  8.14  on,  totaled  10  minutes,  or  an  average  of  2  minutes  per  addition. 


TABLE  IV. 

Electrometric  Titration  at  37.5°C.  of  20  Cc.  of  0.2  M  KHiPOi  xoith  0.2  M  NaOH 

with  the  Hydrogen  and  with  Quinhydrone  Electrode. 

Saturated   calomel    at   37.5°C.    (provisionally    taken    as   0.2445);    i.e., 

(0.2470  -  12.5  X    0.0002    volt).     Barometer  correction    of    0.9    millivolt 

applied  to  hydrogen  electrode. 


XaOH 
added. 

H2  electro- 
metric 

Quinhydrone 
calomel. 

H2  electro- 
metric. 

Quin- 
hydrone. 

Column  3  — 
Column  2. 

Column  5— 
Column  4. 

(1) 

(2) 

(3j 

(4) 

(5) 

(6) 

(7)' 

cc. 

pH 

pH 

0.00 

-0.5064 

+0.1835 

4.24 

4.26 

0.6899 

+0.02 

1.00 

-0.5696 

+0.1215 

5.26 

5.27 

0.6911 

+0.01 

2.00 

-0.5896 

+0.1009 

5.60 

5.60 

0.6905 

±0.00 

3.00 

-0.6022 

+0.0883 

5.80 

5.80 

0.6905 

±0.00 

4.00 

-0.6120 

+0.0786 

5.96 

5.96 

0.6906 

±0.00 

6.00 

-0.6270 

+0.0637 

6.21 

6.21 

0.6907 

±0.00 

8.00 

-0.6394 

+0.0511 

6.41 

6.41 

0.6905 

±0.00 

12.00 

-0.6621 

+0.0286 

6.77 

6.77 

0.6907 

±0.00 

14.00 

-0.6744 

+0.0165 

6.97 

6.97 

0.6909 

±0.00 

16.00 

-0.6897 

+0.0016 

7.23 

7.21 

0.6913 

-0.02 

18.00 

-0.7141 

-0.0195 

7.63 

7.56 

0.6946 

-0.07 

19.00 

-0.7398 

-0.0378 

8.05 

7.85 

0.7020 

-0.20 

20.00 

-0.8279 

-0.0625(?) 

9.46 

8.25 

0.7654 

-1.21 

21.00 

-0.8682 

-0.0890(?) 

10.10 

8.69 

0.7792 

-1.41 

At  pH  7.61  quinhydrone  potentials  commenced  to  rise  on  standing. 
At  pH  10.10  the  potentials  drifted  rapidly.  The  potential  of  the  quin- 
hydrone electrode  against  the  calomel  at  37.5°C.  is  taken  provisionally  as 
0.4460  volt. 
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in  buffered  acid  solution  may  be  taken  as  evidence  of  the  cor- 
rectness of  our  setting  the  effect  of  the  salt  error  at  0.01  pH  unit 
for  the  buffers  investigated. 

The  magnitude  of  factor  (la)  can  be  evaluated  from  a  knowl- 
edge of  the  acidic  dissociation  constants  of  hydroquinone  by 
using  the  more  general  form  of  Peters'  equation  recently  derived 
and  tested  on  some  anthraquinone  salts  by  Conant,  Kahn, 
Fieser,  and  Kurtz  (7).  These  authors  have  shown  that  as  the 
alkalinity  is  increased  the  electrode  reaction  gradually  changes 
from  the  type  given  in  equation  (1)  over  to  that  given  bj''  equa- 
tion (4)  depending  entirely  upon  the  extent  to  which  hydrogen 
ions  combine  with  the  hydroquinone  ions.  Their  more  general 
equation  is  identical  with  the  usual  equation  (2)  except  for  the 
addition  of  a  correction  factor, 

0.059  .       (         /vi        A',  K2 


+I2 


[H+J         [H 

A'l  and  K2  are  the  primar}^  and  secondary  ionization  constants 
of  the  hydroquinone.  Euler  and  Bolin  (8)  found  Ki  to  be 
1.1  X  10"^°  from  conductivity  experiments,  while  Sheppard  (9) 
from  a  hydrogen  electrode  titration  gives  1.75  X  10 "^'^  and 
4  X  10~^^  for  Ki  and  K2,  respectively. 

It  can  readily  be  seen  that  the  entire  correction  factor  vanishes 
in  acid  solution  where  [H+]  is  large  compared  to  Ki  and  Ko. 
In  Table  V  we  have  given  the  value  of  the  correction  term  for 
alkaline  solution,  using  the  larger  values  of  the  dissociation  con- 
stants. The  correction  is  entirely  negligible  for  pH  values  less 
than  8.50.  In  Fig.  1  we  have  applied  the  correction  to  the  titra- 
tion curves  of  hydrochloric  and  acetic  acids,  and  while  it  makes 
them  approximate  more  closel}^  to  the  hydrogen  electrode  curves 
in  alkaline  solution,  this  correction  alone  is  inadequate  to  account 
for  the  discrepancies  observed  in  alkaline  solution. 

That  it  is  factor  (lb)  which  is  largely  responsible  for  the  dis- 
crepancy between  the  curves  may  be  ascertained  by  a  simple 
calculation.  When  a  weak  acid  is  half  neutralized  by  a  strong 
base  the  pH  of  the  solution  equals  —  log  Ki  or  9.76  for  hydro- 
quinone since  —  log  1.75  X  10^^'^  is  9.76.  The  solubility  of 
quinhydj'one  is  0.013  molar  of  which  95  per  cent  or  0.012  molar 
is    dissociated    as   hydroquinone.     The  pH  of  a  pure  aqueous 
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unbuffered  solution  containing  sufficient  NaOPI  to  half  neutralize 
this  quantity  of  hydroquinone  is  O.OOG  molar  which  would  cor- 
respond to  a  pH  of  11.73  were  no  hydroquinone  present. 

The  difference  (11.73  —  9.7C)  1.97  represents  the  change  in 
pH  owing  to  the  participation  of  hj'droquinone  in  the  acid-base 
equilibrium  at  this  pH. 


TABLE  V. 
Table  Showing  the  Value  of  the  Correction  Factor  -— —  log  \\  ■\- 


+ 


KJ<.i 


V        [H  +  1      [H+l^ 

To   Be   Applied  to  the   Quinhydrone   Electrode  to   Take   Account   of  the 
Ionization  of  Hydroquinone  with  Consequent  Change  in  the 
Nature  of  the  Electrode  Reaction. 


pH 

0.059,       (  ,  ,     Ki     ,   K,K.) 

2    '°Ml+[H-]+[Hn^l 

Apparent  pH  given 

by  quinhydrone 

electrode. 

Coirection  in 
pH  units. 

7.60 

0.0001 

7.60 

+0.002 

8.00 

0.0002 

8.00 

+0.003 

8.50 

0.0007 

8.49 

+0.01 

8.80 

0.0012 

8.78 

+0.02 

9.00 

0.0023 

8.96 

+0.04 

9.30 

0.0038 

9.23 

+0.07 

9.50 

0.0056 

9.40 

+0.10 

9.80 

0.0090 

9.65 

+0.15 

10.00 

0.0133 

9.77 

+0.23 

10.30 

0.0200 

9.96 

+0.34 

10.50 

0.0254 

10.07 

+0.43 

11.00 

0.0413 

10.30 

+0.70 

11.50 

0.0620 

10.45 

+  1.05 

The  correction  factor 


.0.059  / 


log    1  + 


+ 


IuK,\ 


amounts  to 


2  l'"^  ^  '  [H+]  '  [H+]2/' 
but  15  millivolts  at  this  pH  or  a  total  correction  of  0.131  volts 
for  factors  (la)  and  (lb)  which  is  more  than  sufficient  to  account 
for  the  discrepancy  in  the  two  curves.  Further  evidence  that 
factor  (lb)  is  the  one  largely  responsible  in  the  case  of  the  hydro- 
chloric and  acetic  acid  curves  in  the  unbuffered  alkaline  range  may 
be  seen  from  Table  IV  where  the  two  electrodes  check  very  well 
up  to  pH  8.58  in  borate  mixture  which  is  heavily  buffered  in 
this  range  and  consequently  prevents  any  marked  change  in 
actual  pH  due  to  factor  (lb).  Another  experiment  using  0.05  m 
borax  and  0.20  m  boric  acid  bears  this  out.     The  results  are 
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plotted  in  Fig.  1  and  show  practical  identity  in  the  results  for  the 
two  electrodes  as  far  as  they  were  extended;  namel}^,  pH  8.6. 

It  is  necessary  to  explain  the  fact  that  at  higher  alkalinities 
the  quinhydrone  potential  is  even  more  positive  (oxidizing) 
than  the  corrections  for  factors  (la)  and  (lb)  would  necessitate. 
This  is  brought  out  most  clearly  in  Table  I  where  the  values 
in  Column  6  show  a  rise  to  a  maximum  followed  hy  a  decline 
instead  of  a  continual  rise  as  would  be  the  case  if  these  factors 
were  the  only  ones  operating.  It  is  shown  also  in  Fig.  1  for  HCl, 
where  the  uncorrected  quinhydrone  curve  (VI)  actually  crosses  the 
hj^drogen  electrode  curve  (IV)  at  high  alkalinity.  This  rather  in- 
teresting point,  we  believe,  is  cleared  up  b}"  the  experiments  of 
La  Mer  and  RideaP  in  which  the  rate  of  autoxidation  of  hydro- 
quinone  at  25°C.  was  studied  as  a  function  of  pH  by  following 
the  absorption  of  oxygen,  the  hydroquinone  being  dissolved  in 
borate  buffers.  The}-  have  found  that  hydroquinone  is  apparently 
inert  to  the  action  of  molecular  oxygen  in  acid  solution,  as  would 
be  inferred  from  the  fact  that  stable  potentials  are  obtained  for 
over  25  hours  under  such  conditions  with  the  quinhydrone  elec- 
trode, but  that  a  measurable  oxidation  of  hydroquinone  can  be 
noted  at  pH  7.3  when  vigorously  shaken  with  pure  oxygen  or 
at  about  7.8  to  8.0  when  air  is  used.  The  reaction  is  highly 
sensitive  to  further  additions  of  alkali,  the  rate  increasing  as  the 
three  halves  power  of  the  [H+j.  The  change  of  hydroquinone 
into  quinone  results  in  an  increase  of  the  ratio  quinone :  hydro- 
quinone with  the  result  that  the  electrode  should  drift  toward 
more  oxidizing  values  with  time. 

The  exact  pH  at  which  this  drift  will  manifest  itself  depends 
not  alone  upon  the  pH  but  also  upon  the  opportunities  that  are 
given  to  facilitate  oxygen  absorption,  as  well  as  the  rate  at  which 
complicating  internal  rearrangements  of  the  hj-droquinone  ions 
take  place.'' 

In  one  of  La  INIer  and  Rideal's  experiments  it  was  found  that 
the  rate  of  autoxidation  in  the  presence  of  air  was  about  2X10~^ 
gram  mols  per  minute  at  pH  8.0,  the  hydroquinone  concentration 

3  La  Mer  and  Rideal,  in  press. 

*  In  discussing  these  results  with  Professor  Biilmann,  we  learned  that 
he  has  recently  been  successful  in  applying  the  electrode  for  the  deter- 
mination of  the  pH  of  soils  at  alkalinities  as  high  as  pH  8.0. 
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being  0.01  molar.  This  would  con-espond  at  most,  since  quin- 
hydrone  would  oxidize  more  slowly,  to  an  electrode  potential 
change  of 

0.059  ,      0.01002 
A  TT  =  —^  log  =  0.00005  volts  per  minute 

or  0.1  millivolt  in  2  minutes.  This  is  just  about  what  we  have 
observed  in  Table  II  at  pH  8.13.  In  Table  III  the  drift  in 
potential  noted  at  pH  8.6  was  approximately  0.2  millivolt  per 
minute.  Our  experience  with  the  quinhydrone  electrode  has 
shown  that  it  is  not  necessary-  to  shake  the  electrode  vessel 
violently  to  insure  equilibrium  after  each  addition  of  alkali;  a 
slight  swirling  motion  is  sufficient  to  mix  the  alkaline  addition, 
yielding  a  prompt  equilibrium  value.  It  should  accordingly 
be  possible  to  avoid  in  large  measure  the  complication  of  autox- 
idation  for  rough  titration  work  by  working  rapidly  (above 
pH  8.0)  and  avoiding  undue  shaking  in  air.  The  values  so 
obtained  should  not  be  relied  upon  to  give  the  true  pH  of  the 
solution  for  the  various  reasons  enumerated  above. 

From  the  discussion  given  above  it  seems  safe  to  conclude 
that  the  titration  values  of  acids  stronger  than  Ki  =  10~^  i.e. 
of  the  order  of  monopotassium  phosphate,  should  be  reliable. 
Kolthoff  (10)  reports  some  titrations  with  the  quinhydrone 
electrode  designed  onh^  to  test  out  how  closely  the  indicator 
end-point  agrees  with  the.  quinhydrone  end-point.  He  finds 
that  the  two  agree  to  0.01  cc.  in  the  case  of  monopotassium  phos- 
phate titrated  with  sodium  hj^droxide.  Owing  to  the  fact  that 
hydroquinone  can  reduce  the  alkalinity  of  alkaline  solutions  the 
electrode  cannot  be  used  to  determine  accurately  the  end-points 
of  weaker  acids. 

In  view  of  the  importance  of  phosphate  buffers  at  body  tem- 
perature we  have  given  the  result  of  titrating  monopotassium 
phosphate  with  sodium  hydroxide  at  37.5°C.  in  Table  IV.  As 
was  to  be  expected  drifting  potentials  were  encountered  at  lower 
pH  values;  namely,  7.61.  Another  point  should  be  mentioned 
in  this  connection.  ^Vhile  determining  the  quinhydrone  poten- 
tials in  acid  solution  it  was  noted  that  a  slow  drift  of  a  few  tenths 
of  a  millivolt  in  observed  potentials  occurred  for  the  first  few 
minutes  after  the  addition  of  alkali  in  the  direction  of  more  nega- 


V.  K.  La  Mer  and  T.  R.  Parsons  629 

tive  potentials.  A  thermometer  placed  in  the  titrating  vessel 
showed  that  the  addition  of  2  cc.  of  alkali  at  lo°C.  lowered  the 
temperature  of  the  mixture  several  degrees  and  that  the  change 
in  potential  was  due  solely  to  readjustment  of  the  temperature 
to  37.5°C.  Wlien  correction  was  made  for  the  temperature 
immediately  after  mixing  it  was  found  that  electrode  equilibrium 
had  been  obtained  within  1  minute.  This  observation  emphasizes 
the  importance  of  temperature  control  under  such  circumstances 
as  the  temperature  coefficient  is  greater  than  one  is  accustomed 
to  for  the  hydrogen  electrode  (0.77  millivolt:  degree). 

Since  the  complications,  including  autoxidation,  which  beset 
the  use  of  the  quinhydrone  electrode  in  alkaline  solution  depend 
primarily  upon  the  extent  of  the  phenolic  ionization  of  the  hy- 
droquinone,  it  would  ssem  that  the  extension  of  the  method  to 
more  alkaline  solution  can  best  be  brought  about  by  the  intro- 
duction of  a  proper  substituent  in  the  hydroquinone  nucleus  so 
that  the  degree  of  phenolic  ionization  is  reduced.  So  far  as  we 
are  aware  no  data  exist  upon  the  effect  of  substitution  on  the 
ionization  constants  of  diphenols,  but  it  is  reasonable  to  suppose 
that  negative  substituents  will  increase  the  acid  character,  and 
positive  groups,  the  opposite,  as  is  the  case  in  related  systems. 
'WQiether  the  use  of  a  substituted  quinhydrone  will  yield  results 
of  practical  value  in  alkaline  solution  will  depend  also  upon  how 
unfavorably  the  substituent  will  affect  the  system  in  other  direc- 
tions, such  as  increasing  the  reduction  potential  and  rendering 
the  complex  quinhydrone  less  stable,  a  point  which  is  most  es- 
sential from  practical  considerations.  We  hope  shortly  to  be 
able  to  continue  this  study  by  correlating  the  effects  of  substitu- 
tion on  the  reduction  potential  noted  by  La  Mer  and  Baker  with 
the  change  in  phenolic  ionization  and  consequent  effect  on  the 
rate  of  autoxidation. 

SUMMARY. 

1.  Precise  electrometric  titrations  designed  to  determine  the 
limits  of  reliability  of  the  benzoquinhydrone  electrode  as  a 
means  of  determining  pH  have  been  carried  out  on  hydrochloric, 
acetic,  boric  acids,  and  potassium  acid  phosphate.  Reliable 
results  are  obtained  in  buffered  solutions  more  acid  than  pH 
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S.O  and  the  method  may  be  substituted  for  the  hydrogen  elec- 
trode in  such  cases,  provided  no  rapid  oxicHzing  or  reducing  agents 
are  present. 

2.  The  various  causes  leachng  to  incorrect  resuUs  in  more 
alkaline  solutions  are  discussed  in  detail  and  their  relative 
importance  calculated  or  approximated.  Autoxidation  of  hydro- 
quinone  and  the  effect  of  the  presence  of  hydroquinone  on  the 
actual  pH  in  unbuffered  alkaline  solutions,  owing  to  its  weak 
acid  properties,  are  more  important  factors  in  yielding  erroneous 
results  in  alkaline  solution  than  are  the  ycyy  small  errors  which 
are  produced  b^y  the  deviations  from  the  simple  Peters'  oxidation- 
reduction  potential  equation  owing  to  partial  ionization  of  hy- 
droquinone. 

3.  The  benzoquinhj-drono  electrode  can  be  substituted  for 
the  hydrogen  electrode  as  a  more  simple  and  more  rapid  way 
of  accurately  determining  the  titration  end-points  of  acids  (but 
not  bases)  that  are  stronger  than  the  secondary  ionization  con- 
stant of  phosphoric  acid.^ 
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INTRODUCTION. 

The  data  presented  in  this  paper  were  obtained  from  four 
epileptic  children  who  were  being  fasted  as  a  therapeutic  measure. 
It  has  recently  been  quite  thoroughly  shown  that  epileptic 
seizures  either  disappear  entirely  or  else  are  much  reduced  as  to 
frequency  and  severity  during  the  course  of  a  period  of  fasting, 
and  also  that  occasionally  following  a  fast  there  is  for  a  long  inter- 
val (months)  no  recurrence  of  convulsions.  The  presence  of  a 
metabolic  factor  in  the  causation  of  epilepsy  is  thus  definitely 
indicated.  We  have  at  present  no  knowledge  as  to  whether  this. 
factor  occupies  an  initial  or  a  supplementary  position  in  the 
pathogenesis  of  the  disease.  The  fact  of  its  presence,  however, 
provides   basis  for  the   hope   that  further  study  will  reveal  its 

*  The  expense  of  this  study  was  in  a  large  part  defrayed  by  a  grant  from 
the  Epilepsy  Medical  Research  Fund  of  the  Johns  Hopkins  University. 
t  Cooper  Travelling  Fellow  of  McGill  University. 
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character  and  produce  the  possibility  of  devising  a  rational 
therapy  for  this  tragic  affliction.  A  considerable  amount  of 
investigation  has  from  time  to  time  been  undertaken  with  the 
purpose  of  detecting  abnormalities  of  metabolism  in  epileptics. 
Very  Httle  data  of  discernible  significance  have  been  obtained. 
The  most  directly  definite  finding  is  that  of  Jarloev  (1).  He  has 
demonstrated  that  preceding  epileptic  seizures  there  occurs  a 
measurable  shift  of  the  reaction  of  the  blood  plasma  in  the  direction 
of  alkalinity.  This  observation  has  recently  been  thoroughly  con- 
firmed by  Geyelin  (2).  In  connection  with  this  fact  may  be  noted 
the  lowering  of  the  plasma  bicarbonate  during  fasting  in  conse- 
quence of  the  development  of  ketosis.  This  reduction  of  bicar- 
bonate may  be. assumed  to  produce  a  tendency  towards  an  in- 
creased acidity  of  the  plasma,  whether  or  not  compensated  for  by 
respiratory  adjustments.  It  is  therefore  possible  to  regard  the 
beneficial  effect  of  fasting  in  epilepsy  as  due  to  a  raised  resistance 
to  an  alkaline  shift  in  the  reaction  of  the  plasma.  In  any  case,  the 
measurements  of  Jarloev  and  Gej^elin  quite  definitely  indicate  an 
abnormality  in  epilepsy  of  the  processes  concerned  in  acid-base 
metabolism,  and  investigation  of  the  cause  of  this  abnormality 
should,  if  successful,  greatly  increase  our  knowledge  of  the  patho- 
genesis of  this  disease. 

Profitable  attempt  in  this  direction  will  require  the  use  of  a 
conception  of  the  manner  of  acid-base  metabolism  when  the  proc- 
esses concerned  are  proceeding  correctly.  We  have  an  excellent 
knowledge  of  the  principles  underlying  acid-base  metabolism  from 
the  point  of  view  of  neutrality  regulation,  due  chiefly  to  the  work 
of  L.  J.  Henderson.  It  is  to  be  remembered,  however,  that  since 
acids  and  bases  constitute  the  chief  bulk  of  substances  in  solution 
in  the  body  fluids,  their  metabolism  must  be  so  managed  that  not 
only  is  there  sustained  in  the  body  water  a  constancy  of  reaction,  but 
also  a  nearly  stationary  ionic  concentration  and  total  ionic  mass. 
In  less  cumbersome  terms  the  reaction,  the  osmotic  pressure,  and 
the  volume  of  the  body  fluids  are  all  closely  dependent  on  a  cor- 
rectly controlled  metabolism  of  acids  and  base.  Of  the  regulatory 
arrangements  sustaining  osmotic  pressure  and  volume  in  the 
presence  of  widely  variable  ratios  of  acid  to  base  metabolized 
we  are  almost  entirely  uninformed,  although  certain  inferences 
regarding  them  ma}^  be  derived  on  the  basis  of  the  necessary  inter- 
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dependence  between  them  and  the  known  factors  concerned  in  the 
regulation  of  reaction. 

Assuming  the  importance  of  obtaining  as  accurate  a  conception 
as  possible  of  the  physiological  aspects  of  acid-base  metabolism 
and  of  the  physicochemical  principles  underlying  its  management, 
it  is  our  purpose  in  this  paper  to  discuss  and  illustrate  by  means  of 
data  obtained  from  fasting  children  these  aspects  and  principles  as 
far  as  they  are  at  present  visible.  We  were  led  to  obtain  data 
from  fasting  epileptics  for  this  illustrative  purpose  by  the  reason 
that  the  factors  concerned  in  acid-base  metabolism  are  particularly 
accessible  to  measurement  during  fasting.  The  difficulties  in 
obtaining  acid  and  base  measurement  from  food  and  feces  are 
avoided.  Moreover,  there  is,  owing  to  the  development  of  ketosis, 
a  large  increase  in  the  excess  of  acid  over  base  claiming  excretion 
from  the  body  fluids,  and  in  consequence  operation  of  the  factors 
sustaining  correct  acid-base  values  within  the  body  is  excellently 
exliibited.  A  further  inducement  to  study  acid-base  metabolism 
during  fasting  is  the  fact  that  in  consequence  of  the  establishment 
of  an  extremely  low  level  of  carbohydrate  metabolism,  there  occurs 
a  large  reduction  of  the  usual  volume  of  body  water,  and  oppor- 
tunity is  thus  provided  for  obtaining  data  illustrating  the  control 
of  acid-base  values  within  the  body  during  a  period  in  which  the, 
volume  of  body  water  undergoes  alteration  to  a  very  unusual 
extent. 

In  the  following  presentation  and  discussion  of  the  data  obtained 
from  these  children,  the  evidence,  cited  above,  of  a  slight  malad- 
justment in  epileptics  of  the  processes  under  consideration,  is 
disregarded.  Very  possibly  the  abnormality  in  question  is 
corrected  during  fasting.  Its  persistence,  however,  would  not 
appreciably  interfere  with  our  use  of  the  data  obtained  as  illus- 
trative of  the  character  of  the  regulatory  arrangements  which 
guide  the  metabolism  of  acids  and  base. 

II. 

Significance  of  Total  Base  Concentrations  in  the  Body  Fluids. 

For  the  sake  of  a  plan  of  presentation  ,the  regulatory  factors  in 
control  of  acid-base  metabolism  will  be  considered  chiefly  from 
the  point  of  view  of  their  operation  to  sustain  base  concentrations 
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within  the  body  at  constant  values.  We  have  chosen  to  study 
particularly  the  manner  of  maintenance  of  total  base  because  of  its 
prominence  among  the  values  whicli  together  sustain  the  structural 
integrity-  of  the  body  fluids.  It  should  be  said  here,  however,  that 
regardless  of  its  relative  importance  no  single  structural  factor  can 
correcth'  be  expected  to  be  sustained  with  an  absolute  rigidity  in 

the  presence  of  alteration  of 
other  factors.  The  interdepend- 
ence of  the  values  for  the  struc- 
tural factors  in  blood  for  example, 
regarding  blood  as  a  physicochem- 
ical  mechanism,  has  recently  been 
demonstrated  and  emphasized  by 
L.  J.  Henderson  (3). 

With  the  purpose  of  illustrating 
the  importance  of  the  total  base 
value  we  wish  to  describe  here, 
with  the  help  of  the  diagram  in 
Fig.  1,  the  structural  significance 
of  the  base  concentration  in  blood 
plasma.  In  this  diagram  the 
average  usual  total  base  concen- 
tration, i.e.  the  sum  of  the  sepa- 
rate concentrations  of  Na',  K', 
Ca",  and  Mg",  is  represented  by 
the  height  of  the  left  hand  col- 
umn. Expressed  as  0.1  n  base 
this  amounts  to  156  cc.  per  100 
cc.  of  blood  plasma.  In  the 
right  hand  column  are  indicated 
separately  the  usual  amounts  of 
the  acid  substances  which  bind  the 
base  of  the  plasma.  Beginning 
at  the  top  the  concentration  of 
HCO3'  is  seen  to  bind  about  one-fifth  of  the  plasma  base.  Below 
this  value  the  huge  concentration  of  Cl'  covers  nearly  three-fiftha 
of  the  base  column.  The  next  block  in  the  acid  column  represents 
the  combined  concentrations  of  HPO4",  SO/,  and  organic  acids. 
It  will  be  seen  that  after  laying  off  these  values  a  considerable 


HPO4 

so; 
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Fig.   1.  The   normal    acid-base 
composition  of  blood  plasma. 
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portion  of  the  base  column  remains  uncovered.  It  is  a  reasonable 
surmise  that  this  remainder  of  the  total  base  represents  the  base- 
binding  value  of  the  serum  proteins  which  may,  at  the  reaction  of 
blood  plasma,  be  correctly  regarded  as  acid  substances.^  Four  of 
the  acid  substances  which  are  carried  bound  in  the  plasma  are  being 
conveyed  for  excretion  in  the  urine.  These  are  HCl,  H3PO4, 
H2SO4,  and  the  organic  acids.  Remembering  that  a  24  hour  urine 
specimen  will  usually  contain  roughly  the  same  amount  of  each  of 
these  four  acids,  the  "threshold"  character  of  the  concentration  of 
bound  HCl  is  strikingly  apparent  in  the  diagram.  The  other  two 
values,  bound  carbonic  acid  and  protein,  do  not  under  usual  cir- 
cumstances enter  the  urine.  Remaining  in  the  plasma  they 
have  to  do  with  stabilizing  the  reaction  of  the  blood. 

The  character  of  the  base  in  the  plasma,  i.e.  the  fact  that  it  is 
practically  entirely  fixed  base,  is  of  cardinal  importance  from  the 
point  of  view  of  the  adjustments  necessary  in  the  metabolism  of 
acids  and  base.  The  minute  concentration  of  the  base  ammonia 
in  the  plasma  would  be  approximately  measured  by  the  thickness 
of  the  line  at  the  top  of  the  base  column.     In  contrast  with  this 

1  The  values  for  Na",  K',  Ca"',  and  Mg",  used  in  constructing  this  dia- 
gram are  given  as  mg.  per  100  cc.  of  serum  in  Table  I.  Bicarbonate  is  taken 
as  60  volumes  per  cent  of  CO2  bound,  and  chloride  as  6.0  gm.  of  NaCl  per' 
liter.  The  average  phosphate  content  of  the  serum  is  assumed  to  be  repre- 
sented by  5  mg.  of  P  per  100  cc.  On  the  basis  of  S6rensen''s  data  HPO4"  at 
pH  7.4  is  assigned  1.8  times  its  molecular  equivalence  of  univalent  base. 
According  to  Denis'  measurements  (4)  the  plasma  contains  about  1  mg.  of 
inorganic  >S  per  100  cc.  The  size  of  the  normal  organic  acid  concentration 
is  not  known.  It  is  here  given  a  value  of  about  the  magnitude  of  (HPO4") 
and  (SO4").  The  base  assumed  to  be  bound  by  protein  is  simplj^  the 
remainder  of  base  after  addition  of  the  concentrations  taken  as  normal  for 
the  other  acid  radicles. 

The  acid-base  composition  of  the  plasma  in  terms  of  cc.  of  0.1  normal  per 
100  cc,  according  to  these  data  and  as  represented  in  the  diagram  is  as 
follows : 

Base.  Acid. 

Na- 143.4        HCO3' 27.0 

K- 5.1        CV 103.0 

Ca" 5.0        HPO4" 3.0 

Mg" 2.5        SO4" 1.0 

Organic  acid 2.0 

Total 1.56.0        Protein 20.0 

Total 156.0 
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fact  is  the  presence  in  urine  of  ammonia  to  an  extent  usually  of 
about  one-third  of  the  total  base  excretion.  There  is  thus  indi- 
cated the  fact  that  the  sum  of  the  acid  substances  derived  from  a 
usual  diet  and  claiming  excretion  in  the  urine  is  much  in  excess  of 
the  intake  of  fixed  base,  and  the  necessity  for  a  regulated  use  of 
ammonia  in  the  excretion  of  these  acid  substances  in  order  that  the 
base  concentration  of  the  plasma  be  sustained  is  apparent. 

The  structural  importance  of  the  total  base  value  in  the  plasma 
can  be  indicated  by  reference  to  the  peculiar  character  of  the 
bicarbonate  concentration.  The  uppermost  block  in  the  acid 
column  measuring  (HCO'3)  may  be  described  as  an  automatically 
adjustable  value  which  will  immediately  change  its  size  following 
alteration  of  any  of  the  other  values  indicated  in  the  diagram. 
This  adjustability  of  the  concentration  of  bound  HCO3'  is  a  con- 
sequence of  the  fact  that  carbonic  acid  is  an  extremely  weak  acid 
and  also  of  the  presence  in  the  plasma  of  an  approximately  sus- 
tained level  of  free  carbonic  acid.  For  the  first  of  these  reasons  a 
decrease  in  total  base  will  be  at  the  expense  of  bicarbonate  or  total 
base  remaining  stationary;  increase  in  an  acid  concentration  other 
than  (HCO3O  will  also  reduce  bicarbonate.  On  the  other  hand,  if 
by  any  cause  the  amount  of  base  availal:)le  for  binding  HCO,}' 
be  increased,  BHCO3  will  at  once  be  formed  because  of  the  fact  that 
free  carbonic  acid  is  always  at  hand  in  the  plasma.  It  follows  from 
these  statements  that  it  is  the  height  of  the  base  column  ^hich, 
owing  to  the  elasticity  of  (HCO3),  determines  the  total  salt  content 
of  the  plasma.2    The  total  salt  concentration,  though  not  abso- 

-  In  this  discussion  the  adjustability  of  the  acid  side  of  the  diagram 
(Fig.  1)  to  the  base  level  is  attributed  entirely  to  the  elasticity  of  the  con- 
centration of  HCO3'.  This  is  practically  the  case.  It  should  be  men- 
tioned, however,  that  the  phosphate  and  protoinate  vahies  (in  terms  of 
base  bound)  are  not  to  be  regarded  as  immovable  in  the  presence  of  strong 
acids  claiming  base.  Secondary  phosphates  and  proteinates,  being  salts 
of  weak  acids,  will  tend  to  supply  base  at  the  expense  of  a  shift  in  reaction 
due  to  release  of  acid  phosphate  and  protein.  In  the  case  of  bicarbonate, 
however,  the  tendency  to  shift  in  reaction  is  offset  by  removal  of  carbonic 
acid  by  way  of  the  lungs.  This  can  be  accomplished  many  times  more 
rapidly  than  removal  of  acid  phosphate  by  the  kidneys,  and  protein  cannot 
be  removed.  It  is  owing  to  these  facts  that  (HOO/)  may  be  assumed  to 
release  nearly  all  of  the  base  needed  for  neutralization  purposes  and  thus 
to  permit  the  concentrations  of  HPO4"  and  protein  (in  terms  of  base 
bound)  to  remain  closely  stationary.  In  other  words  bicarbonate  may  be 
regarded  as  practically  entirely  constituting  the  "alkali  reserve." 
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lutely,  is,  nevertheless,  closely  a  measure  of  ionic  concentration.^ 
It  is  thus  evident  that  a  correct  osmotic  pressure  of  the  plasma  is 
closely  dependent  on  regulation  of  the  process  of  acid  excretion  in 
such  manner  that  the  usual  base  concentration  in  the  plasma  is 
sustained.  Obviously,  the  presence  of  base  in  the  plasma  which 
can  be  carried  as  bicarbonate  (the  "alkali  reserve")  is  also  depend- 
ent on  the  operation  of  these  regulator}^  factors.  The  total  base 
value  is  thus  indicated  as  the  underlying  structure  of  correctly 
built  plasma.  Upon  its  maintenance  at  a  closely  stationary  value 
will  depend  the  possibility  of  a  usual  osmotic  pressure  and  reaction 
in  the  plasma.  '^ , 

Presumably,  the  total  base  concentration  is  of  the  same  struc- 
tural significance  in  other  portions  of  the  body  water  -tmiR-  blood 
plasma,  and  on  the  basis  of  osmotic  pressure  relationships  through- 
out the  body  fluids  it  may  be  assumed  to  be  of  approximately  the 
same  size  in  the  various  compartments  of  body  water.  As  an 
illustration  of  this  probability  the  total  base  concentration  in  the 
water  of  blood  plasma  is  compared  in  Table  I  with  that  found  in 
the  water  of  human  muscle  tissue.  The  data  for  the  four  bases  in 
blood  plasma  are  the  same  as  were  used  in  constructing  Fig.  1  and 
are  the  averages  of  largely  unpublished  measurements  by  Kramer 
and  Tisdall,  who  have  very  kindly  permitted  us  to  use  them  here., 
The  water  in  blood  plasma  is  taken  as  91  per  cent  by  volume.  The 
measurements  used  in  computing  the  base  concentrations  in  muscle 
water  are  those  of  Katz  (5)  obtained  from  fresh  human  muscle. 
The  water  content  of  muscle  tissue  is  taken  as  76  per  cent  by 
weight.  It  will  be  seen  that  the  total  base  concentrations,  in 
terms  of  normality,  in  these  examples  of  extra-  and  of  intracellular 
water,*  are  of  a  similar  size.  The  somewhat  higher  concentration 
in  muscle  water  might  be  explained  by  reference  to  the  fact  that 
muscle  tissue  contains  two  and  one-half  times  as  much  protein  as 
does  blood  plasma.  The  non-dissociable  character  of  proteinates 
would  explain  a  necessity  for  a  higher  base  concentration  (in  terms 
of  normality)  in  protoplasm  in  order  to  provide  an  ionic  concen- 

3  Except  for  the  proteinates,  the  plasma  salts  are  nearly  completely 
dissociable. 

^  It  should  be  stated  that  the  measurements  of  Katz  include  the  base 
contained  in  the  underterminable  but  presumably  relatively  small  amount 
of  extracellular  fluid  present  in  muscle  tissue. 
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tration  corresponding  to  that  of  extracellular  fluids.  The  few 
data  representing  the  base  content  of  muscle  tissue  do  not,  how- 
ever, justify  surmise  beyond  the  indication  that  total  base  is 
present  in  roughly  the  same  amount  as  in  blood  plasma.  A  striking 
fact  which  may  be  seen  in  the  table  is,  that,  except  for  Ca,  the 
concentrations  of  the  individual  bases  are  widely  different,  Na  for 
instance  composing  most  of  the  base  in  plasma  water,  whereas 
the  greater  part  of  the  base  contained  in  muscle  water  is  K. 
There  is  thus  apparent  the  fact  that  the  total  concentration  of 
base  is  of  service  to  the  organism  in  a  manner  quite  apart  from  the 
local  physiological  purposes  of  the  concentrations  of  the  individual 
bases. 

TABLE  I. 
Concentrations  of  Base  in  the  Water  of  Blood  Plasma  and  iri  the  Water  of 

Muscle  Tissue. 


Per  100  CC. 
plasma. 

Per  100  CC. 
plasma  water. 

Per  100  CC. 
muscle  tissue. 

Per  100  CC. 

muscle  water. 

Na' 

mg. 

330 

20 

10 

3 

CC.  0.1  N 

157.7 
5.6 
5.5 
2.7 

mg. 

80 
320 

8 
21 

CC.  0.1  N 

45.8 

K- 

108.0 

Ca- 

5.3 

Mg" 

23.0 

Total 

171.5 

182.1 

Water  of  blood  plasma  is  taken  as  91  per  cent  by  volume  and  water  of 
muscle  tissue  as  76  per  cent  of  weight. 

III. 

Source  of  Fixed  Base  Available  for  Use  in  the  Process  of  Acid 
Excretion  during  Fasting. 

Having  indicated  the  structural  importance  of  the  total  base 
concentration  in  the  body  fluids  it  is  desired  to  consider  here  the 
extent  to  which  fixed  base  may  be  correctly  used  in  the  process 
of  acid  excretion  during  fasting.  From  the  fact  that  there  occurs 
during  fasting  a  continual  reduction  of  the  total  mass  of  the  body, 
it  may  reasonably  be  inferred  that  a  certain  amount  of  base  will 
enter  the  urine  without  causing  diminution  of  base  concentrations 
in  the  body  fluids.  The  amount  of  fixed  base  becoming  in  this 
way  available  for  binding  acids  in  the  urine  cannot  be  directly 
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measured,  nor  may  an  approximation  of  its  value  be  arrived  at, 
without  a  certain  amount  of  conjecture  as  to  its  source.  The 
estimations  of  fixed  base  availabiHty  given  below  are  based  on  the 
following  assumptions:  (1)  Except  for  the  greater  part  of  Ca, 
fixed  base  within  the  body  may  be  regarded  as  in  solution  in  the 
body  water.  (2)  Fixed  base  is  held  throughout  the  body  water  at 
a  roughly  even  level  as  regards  total  concentration,  the  height  of 
this  level  of  content  being  indicated  by  the  concentration  in  the 
water  of  blood  plasma.  (3)  The  consumption  of  protoplasm  will 
release  for  use  in  the  process  of  acid  excretion  the  fixed  base  con- 
tained in  the  water  of  destroyed  protoplasm.  (4)  The  reduction 
of  the  protoplasmic  mass  during  fasting  is  practically  entirely  at 
the  expense  of  the  skeletal  muscles.  Consequently,  the  availabil- 
ity of  base  from  destroyed  protoplasm  may  be  computed  Avith  an 
approximate  accuracy  from  measurements  of  urine  nitrogen  and 
standard  values  for  the  amounts  of  the  bases  present  in  muscle 
water.  (5)  Owing  to  a  general  reduction  of  the  volume  of  body  water, 
because  of  the  establishment  of  an  extremely  low  level  of  carbo- 
hydrate metabolism,  additional  fixed  base  will,  especially  during  the 
early  part  of  a  fasting  period,  enter  the  urine  without  causing 
diminution  of  base  concentrations  in  the  body  fluids.  (6)  These 
premises  as  regards  the  source  of  fixed  base  and  the  extent  of  itS' 
availability  during  fasting  may  be  tested  by  comparing  measure- 
ments of  fixed  base  in  the  urine  with  amounts  estimated  as  avail- 
able, using  here  the  further  assumption  that  fixed  base  excretion  is 
correctly  controlled. 

Evidence  Indicating  the  Source  of  the  Fixed  Base  Excretion. — 
The  data  given  in  Table  II  were  obtained  from  an  8  year  old  girl 
who  underwent  a  15  day  fast  and  was  then  given  during  a  3  day 
after  period  a  light  carbohydrate  diet  consisting  of  six  slices  of 
toast  and  75  gm.  of  cane-sugar  per  day.  The  sugar  was  taken  in 
water  flavored  with  orange  juice.  This  diet  was  given  with  the 
purpose  of  eliminating  the  ketone  acids  as  a  factor  in  acid-base 
metabolism,  and  it  was  also  expected  to  raise  the  level  of  carbo- 
hydrate metabolism  sufficiently  to  permit  at  least  a  partial  restora- 
tion of  the  usual  glycogen  content  of  the  tissues.  Urine  was 
quantitatively  collected  during  the  18  days  of  the  experiment. 
The  measurements  of  Na,  K,  Ca,  Mg,  nitrogen,  and  ketone  acids 
given  in  the  table  were  obtained  from  six  consecutive  3  day  speci- 
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mens.  The  table  also  contains  calculated  values  for  each  of  the 
bases  representing  the  extent  of  availability  from  destroyed 
protoplasm.  In  obtaining  these  values  the  body  water  released  in 
consequence  of  the  consumption  of  protein  is  taken  as  gm.  of 
urine  N  X  29.5  X  0.70,  the  first  factor^  providing  an  estimate  of 
protoplasm  destroyed  and  the  second,  indicating  the  corresponding 
water  loss.  The  amounts  of  each  of  the  four  bases  contained  in 
this  lost  water  are  computed  from  the  data  given  in  the  last  col- 
umn of  Table  I.  The  found  and  calculated  values  are  compared 
by  means  of  the  ratios  given  in  the  columns  headed  F:C. 

Looking  first  in  the  table  at  the  values  for  Ca,  it  will  be  at  once 
apparent  that  enormously  more  Ca  is  excreted  during  fasting  than 
could  possibly  be  derived  from  destroyed  protoplasm.  For  the 
whole  period  of  the  fast,  ten  times  as  much  Ca  is  found  in  the 
urine  as  may  be  calculated  as  available  from  muscle  tissue  con- 
simiption.  Obviously  there  is  other  source  of  Ca.  Presumably 
there  occurs  a  resolution  of  Ca  from  deposits  in  osseous  tissue. 
This  inference  is  supported  by  the  finding  of  Goto  (6)  that  the 
calcium  carbonate  content  of  the  bones  of  rabbits  is  reduced 
following  feeding  with  mineral  acids.  As  might  be  expected  it  is 
the  more  soluble  salt,  carbonate  rather  than  phosphate,  which 
reenters  the  body  fluids.  This  salt,  moreover,  better  serves  the 
base  need  since  its  acid  radicle  is  disposed  of  base-free  by  way  of 
the  lungs. 

Considering  next  the  values  for  K  and  Mg,  it  will  be  noted 
that  again  in  both  instances  more  base  is  found  in  the  urine  than  is 
calculable  on  the  basis  of  urine  N.  The  amounts  found  for  the 
whole  fasting  period  are,  however,  only  moderately  in  excess  of 
the  amounts  calculated  as  available;  F:C  being  1.3  for  K  and  1.4 
for  Mg.  Looking  at  the  values  for  the  individual  periods  of  the 
experiment  it  will  be  noted  that  the  greatest  excess  of  found  over 
calculated  occurs  during  the  first  period,  and  that  during  the  last 
three  periods  of  the  fast  the  F:C  ratios  are  very  close  to  unity. 
Explanation  is  provided  by  the  fact  that  there  occurs  at  the  outset 
of  fasting  a  large  reduction  of  the  volume  of  bod/  apart  from  the 
water  lost  in  consequence  of  destruction  of  protoplasm.  This  fact 
is  made  evident  by  the  much  more  rapid  loss  of  weight  during  the 

'  Taking  N  in  muscle  tissue  as  3.4  per  cent,  100  -^  3.4  =  29.5. 
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early  part  of  a  fast  than  subsequently.     In  the  case  of  this  subject, 
for  instance,  the  weight  lost  was  1.46  kilos  during  the  first  2  days  of 
the  fast  as  compared  with  0.1 3  kilo  during  the  last  2.    This  reduction 
of  the  water  content  of  the  tissues  is  apparently  referable  to  the  estab- 
lishment of  an  extremol}'  low  level  of  carbohydrate   metabolism; 
glucose,  after  consumption  of  the  body's  slender  store  of  surplus 
glycogen,  being  available  only  to  the  extent  to  which  it  is  produced 
by  the  metabolism  of  protein.     Bischoff  and  Voit  (7)  and  Benedict 
and  Milner  (8)  have  demonstrated  that  when  a  diet  containing 
carbohydrate  alnindantl}-  is  replaced  by  one  consisting  of  fat  and 
protein  only,  which  is  in  effect  the  case  during  fasting,  there  occurs 
a  large  loss  of  body  water.     The  inverse  aspect  of  this  phenomenon 
may  be  illustrated  by  the  fact  that  in  the  case  of  this  subject  during 
the  3  day  carbohydrate  after  period,  although  the  food  intake  was 
far  short  of  the  energy  requirement,  there  occurred  a  gain  in  body 
weight  amounting  to  0.7  kilo.     The  nature  of  the  effect  of  the 
level  of  carbohydrate  metabolism  on  the  volume  of  body  water  is 
obscure.     Presumably  it  is  a  physical  effect  depending  on  the 
concentration  of  glycogen  in  body  water.     Possibty  it  is  also  in 
relationship  with  the  amount  of  circulating  glucose.     The  extra 
loss  of  weight  during  the  early  part  of  a  fast  is  certainly  many 
times  greater  than  the  weight  of  the  consumed  surplus  of  glycogen. 
The  water  lost  is  therefore  not  to  be  explained  to  an  appreciable 
extent  as  molecular  water  of  glycogen.     Water  from  this  source, 
moreover,  would  not  be  accompanied  by  an  excretion  of  constitu- 
ents of  body  water.     The  excretion  of  K  and  Mg,  during  the  first 
two  periods  of  this  subject's  fast,  in  excess  of  amounts  estimated 
as  from  the  water  of  destroyed  protoplasm,  may  therefore  reason- 
ably be  regarded  as  a  consequence  of  reduction  of  the  volume  of 
tissue  water,  the  released   water  carrying  with  it  into  the  urine 
its  content  of  these  bases.     During  the  three  remaining  periods 
of  the  fast  K  and  Mg  are  apparently  derived  only  from  the  water 
of   consumed   protoplasm.     In   agreement  with  the   conception 
which  is  being  used  the  excretion  of  K  and  Mg  during  the  carbo- 
hydrate after  period  is  very  greatly  reduced,  the  F:C  values  being 
in  both  instances  0.4.     This  may  be  explained  as  indicating  a 
retention  of  K  and  Mg,  derived  from  destroyed  protoplasm,  with 
the  purpose  of  sustaining  their  concentrations  in  an  expanding 
volume  of  body  water. 
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To  note  next  the  values  found  for  the  remaining  base  Na,  it 
will  be  seen  that  the  excess  of  found  over  calculated  on  the 
basis  of  destroyed  protoplasm  as  its  source  is,  during  the  first 
period  of  the  fast,  much  greater  than  in  the  case  of  K  and  Mg. 
/  This  larger  excess  can  be  explained  by  using  the  fact  that  Na  is 
.'  carried  in  the  extracellular  body  water  at  a  concentration  several 
times  greater  than  in  cell  water  (see  Table  I).  Shrinkage  of  this 
compartment  of  body  water  will  obviously  throw  a  quantity  of  Na 
into  the  urine  in  addition  to  that  derived  from  the  water  of 
destroyed  protoplasm  and  from  decrease  in  cell  volume.  Assum- 
ing that  the  reduction  of  the  volume  of  body  water  in  consequence 
of  the  lowered  level  of  carbohydrate  metabolism  is  not  confined  to 
intracellular  water,  the  F:C  ratio  for  Na  is,  on  the  basis  of  the 
above  considerations,  correctly  higher  than  the  ratios  for  K  and 
Mg.  That  a  reduction  of  the  volume  of  extracellular  water  does 
occur  during  fasting  is  fairly  satisfactorily  indicated  by  the  high 
values  found  for  serum  protein  which  are  placed  in  Table  II  as  evi- 
dence on  this  point.  These  measurements  were  taken  at  the  end  of 
each  3  day  period.  The  values  during  the  fast  may  be  compared 
with  the  concentration  found  at  the  end  of  the  carbohydrate  after 
period  which  is  close  to  the  average  usual  value.  It  will  be  noted 
in  the  table  that  the  F :  C  ratios  for  Na  fall,  after  the  second  period, 
below  unity.  If  the  calculated  values  for  available  Na  be  taken 
as  dependable  the  inference  is  permissible  that,  during  the  latter 
part  of  the  fast,  there  occurs  to  some  extent  replacement  of  the  loss 
'  of  extracellular  water  which  occurred  during  the  first  two  periods. 
As  regards  the  cause  of  the  reduction  of  extracellular  water,  it  is 
reasonable  to  expect  that  the  loss  of  intracellular  water  due  to 
glj^cogen  consumption  will  be  accompanied  by  alteration  of  the 
volume  of  extracellular  water.  Presumably  the  two  values  are 
closely  interdependent.  Data  to  be  presently  presented  (Table 
V)  suggest  that  the  loss  of  extracellular  water  follows  reduction 
of  cell  volume. 

Estimations  of  Body  Water  Loss  Based  on  Measurements  of 
N,  K,  and  Na  in  the  Urine. — 'As  may  be  seen  in  Table  I,  K  is  the 
chief  base  in  muscle  water  and  Na  constitutes,  nearly  all  the  base 
in  plasma  water.  If  it  be  permissible  to  take  the  values  given  in 
Table  I  as  representative  of  the  concentrations  of  K  and  Na  in 
other   portions  of  intra-  and   extracellular  water,   respectively, 
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estimations  may  be  obtained  from  measurements  of  K  and  of  Na 
in  the  urine  of  the  loss  of  body  water  from  those  two  com- 
partments. Estimations  of  the  water  loss  during  fasting  derived 
on  this  basis  are  presented  here.  They  will  be  compared  presently 
with  estimations  of  the  water  loss  obtained  in  another  manner. 
The  concentration  of  K  in  extracellular  water  is  a  relatively 
insignificant  value  and  the  loss  of  extracellular  water  is,  moreover, 
presumably  a  much  smaller  quantity  than  the  loss  of  intra- 
cellular water.  For  calculation  ])urposes  K  in  the  urine  from 
extracellular  water  is  neglected  and  all  the  K  is  regarded  as 
derived  from  the  loss  of  intracellular  water.  The  total  K  excretion 
for  the  15  day  fast  of  A.G.  was  2,255  cc.  of  0.1  n  (Table  II). 
The  K  content  of  1  cc.  of  muscle  water  is  1.08  cc.  of  0.1  n  (Table 
I).  The  loss  of  intracellular  water  during  the  fast  of  A.G.  may 
therefore  be  taken  as  2,255  -^  1.08  =  2,090  cc.  This  loss  is  due 
to  two  causes:  a  destruction  of  protoplasm  and  a  reduction  of 
cell  volume.  In  Table  II,  K  presenting  for  excretion  along 
with  the  water  of  destroj'ed  protoplasm,  calculated  on  the  basis  of 
urine  N,  is  given  as  1,753  cc.  of  0.1  N.  The  water  which 
contained  it  is  1,753  -^  1.08  =  1,620  cc.  If  this  value  for  water 
loss  from  destruction  of  protoplasm  be  subtracted  from  the  total 
loss  of  intracellular  water,  2,090  cc,  the  remainder,  470  cc,  may 
be  taken  as  the  water  loss  due  to  reduction  of  cell  volume.^ 

To  obtain  an  estimate  of  the  loss  of  extracellular  Avater,  Na 
calculated  as  from  the  water  of  destroyed  protoplasm,  745  cc.  of 
0.1  N  (see  Table  II),  is  subtracted  from  the  total  Na  in  the  urine, 

^  The  following  calculation  is  presented  as  a  rough  attempt  to  obtain 
some  idea  of  the  magnitude  of  the  alteration  of  cell  volume  caused  by  reduc- 
tion of  what  may  be  called,  among  the  factors  determining  cell  volume,  the 
"glycogen  factor."  The  470  cc.  of  water  lost  by  reduction  of  cell  volume  is 
here  taken  as  Avholly  derived  from  muscle  tissue.  The  weight  of  A.G. 
before  the  fast  was  24.7  kilos.  Taking  40  per  cent  of  the  body  weight  as 
muscle  tissue,  9.88  kilos  are  obtained.  Urine  N,  72.5  gm.  X  29.5,  indicates  a 
loss  of  2.14  kilos.  The  muscle  mass,  assuming  the  "glycogen  factor"  intact, 
is  thus  reduced  by  the  end  of  the  fast  to  7.74  kilos.  The  additional  loss 
of  470  cc.  of  water,  due  to  reduction  of  the  "glycogen  factor,"  therefore 
represents  a  6  per  cent  (470/7,740)  decrease  in  cell  volume.  This  is  doubt- 
less an  overestimation,  for  the  reason  that  the  loss  of  cell  water  is  probably 
not  confined  to  muscle  cells.  On  the  other  hand,  the  full  size  of  the  "gly- 
cogen factor"  is  not  measured  since  glycogen  is  not  by  any  means  entirely 
removed  from  the  tissue  cells  during  fasting. 
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1,256  cc.  of  0.1  N,  and  the  remainder,  511  cc.  of  0.1  N,  is  regarded 
as  having  accompanied  the  loss  of  extracellular  water.  The  Na 
content  of  serum  water  per  cc.  is  given  in  Table  I  as  1.58  cc.  of 
0.1  X.  The  extracellular  water  lost  during  the  fast  is  thus 
indicated  as  511  -^  1.58  =  320  cc. 

On  the  basis  of  these  estimations  the  loss  of  body  water  during 
the  15  day  fast  of  A.G.  may  be  stated  as  follows: 

Intracellular  water  lost. 

1.  Due  to  destruction  of  protoplasm 1,620  cc. 

2.  "   "    reduction  of  cell  volume 470  " 

2,090  " 
Extracellular  water  lost 320  " 

Total  loss  of  body  water 2,410  " 

Loss  of  body  weight 3,920  gm. 

Body  weight  loss  due  to  water 62  per  cent. 

In  Table  III  are  presented  measurements  of  urine  N,  Na,  and 
K,  from  another  subject,  M.C.,  a  12  year  old  girl  who  underwent 
a  10  day  fast.  The  analyses  were  obtained  from  urine  col- 
lections covering  periods  of  different  lengths  and  the  values  are 
for  this  reason  given  per  24  hours.  It  may  be  seen  that  these 
data  are  of  quite  the  same  character  as  those  obtained  from  A.G. 
(Table  II).  From  the  measurements  of  urine  N,  Na,  and  K,  for 
the  entire  10  day  fast  the  following  statements  are  derived  by  the 
plan  of  calculation  used  above. 

Intracellular  water  lost. 

1.  Due  to  destruction  of  protoplasm 1,400  cc.  • 

2.  "    "    reduction  of  cell  volume 700  " 

2,100  " 
Extracellular  water  lost 470  " 

Total  loss  of  body  water 2,570  " 

Loss  of  body  weight 3,820  gm. 

Body  weight  loss  due  to  water ■.        67  per  cent. 

In  comparing  the  estimations  of  water  loss  for  these  two 
children  it  should  be  noted  that  M.C.  underwent  a  fast  which  was 
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in  duration  two-thirds  of  the  fasting  period  of  A.G.  and  that  she 
was  a  much  larger  child,  weighing  at  the  beginning  of  her  fast 
38.4  kilos,  the  initial  weight  of  A.G.  being  24.7  kilos.  The  fact 
of  the  shorter  fast  of  M.C.  may  be  used  to  explain  the  relatively 
larger  size,  among  the  values  obtained  for  this  subject,  of  the  loss 
of  water  due  to  reduction  of  cell  volume,  this  change  being  prac- 
tically entirely  effected  during  the  early  part  of  a  fasting  period. 
The  values  for  percentage  of  water  in  the  weight  loss,  62  and  67 
per  cent,  arrived  at  in  this  round  about  way  are  of  a  quite  likely 
size.  A  lower  percentage  of  water  than  obtains  in  muscle  tissue 
(76  per  cent)  would  be  expected  because  of  the  presence  in  the 
weight  loss  of  a  considerable  amount  of  fat.     The  quite  reasonable 

TABLE  III. 
Measurements  of  Na  and  K  Excreted  in  the  Urine  during  the  10  Day  Fast 
of  M.C,  and  Amounts  of  These  Bases  Calculated  from  Measurements 
of  Urine  N  as  Available  from  Destroyed  Protoplasm. 


Days  of  e.vperiment. 

Ketone 

acids  (as/3- 

oxybuty- 

ric;. 

Nitro- 
gen. 

Na- 

K- 

Found. 

Calcu- 
lated. 

F:C 

Found. 

Calcu- 
lated. 

F:C 

I 

II,  III,  IV 

V,  VI,  VII,  VIII 

IX,  X 

6.97 
8.47 
6.64 

gm. 

5.60 
6.97 
6.12 

5.98 

cc. 
0.1  s 

101 

253 

108 

92 

cc. 

0.1  N 

57 
72 
63 
61 

1.8 
3.5 
1.7 
1.1 

cc. 

0.1  N 

362 

331 

181 

60 

cc. 

0.1  N 

135 
169 
148 
145 

2.7 
2.0 
1.2 
0.4 

character  of  these  estimations  of  body  water  loss  tends  to  confirm 
the  premises  which  are  being  used  regarding  the  source  of  fixed 
base  becoming  available  for  use  in  the  process  of  acid  excretion 
during  fasting.  They  also  indicate  a  usefulness  of  measurements 
of  Na  and  K  in  the  urine  as  a  means  of  studying  alterations  in  the 
volume  of  body  water. 

Estimations  of  Water  Loss  Based  on  Measurements  of  Nitrogen 
and  Ketone  Acids  in  the  Urine  and  of  the  Loss  in  Body  Weight. — 
With  the  purpose  of  roughly  testing  the  values  for  water  loss 
arrived  at  from  measurements  of  N,  Na,  and  K  in  the  urine,  the 
total  loss  of  body  water  is  here  computed  in  a  different  manner; 
viz.,  by  subtracting  a  calculated  value  for  the  weight  of  fat  and 
protein  consumed  from  a  measurement  of  the  loss  of  body  weight. 
The  weight  of  the  surplus  glycogen  consumed  is  neglected.     The 
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amount  of  protein  burned  is  obtained  by  multiplying  the  grams 
of  urine  N  by  the  usual  factor,  6.25.  Body  fat  which  was  com- 
pletely oxidized  is  computed  from  urine  N  by  means  of  Shaffer's 
recently  published  values  for  ketogenic  and  antiketogenic  equiva- 
lents (9).  The  incompletely  oxidized  fat  is  calculated  from  a 
measurement  of  the  ketone  acid  excretion.  Shaffer's  values  stated 
in  a  form  convenient  for  our  purpose  are  as  follows : 


Ketogenic. 

Antiketogenic* 

Excess. 

1  gm.  fat  = 

1  gm.  urine  N  = 

3.43  millimols. 
15 

1.14  millimols. 
40 

2.29  millimols 

ketogenic. 
25  millimols  anti- 
ketogenic. 

*  As  triose. 

A  molecule  of  triose  being  taken  as  the  measure  of  carbohydrate 
required  for  the  complete  oxidation  of  a  molecule  of  fatty  acid,  it 
may  be  at  once  derived  from  the  equivalents  here  given  that  1  gm. 
of  urine  N  indicates  the  complete  oxidation  of  25  -4-  2.29  = 
10.9  gm.  of  fat.  That  fat  has  been  used  to  this  extent  and  beyond 
is  evident  from  the  presence  of  ketone  acids  in  the  urine.  To 
obtain  a  factor  by  means  of  which  to  calculate  the  weight  of  incom- 
pletely oxidized  fat  from  measurement  of  the  ketone  acids  (as 
)8-oxybutyric);  if  1  gm.  of  fat  =  2.29  excess  ketogenic  millimols, 
or  2.29  X  104  =  238  mg.  of  (8-oxybutyric  acid,  then  1  gm.  of  |S-oxy- 
butyric  acid  may  be  taken  to  indicate  the  incomplete  oxidation 
of  1,000  -^  238  =  4.2  gm.  of  fat. 

Using  these  factors  the  calculation  of  the  weights  of  fat  and 
of  protein  oxidized,  and,  as  a  matter  of  incidental  interest,  of  the 
energy  expenditure,  during  the  fasts  which  these  two  girls  under- 
went can  be  briefly  presented. 

Case  1. — A.G.,  8  years  old,  15  day  fast. 

Nitrogen  in  urine 72.5  gm. 

Ketone  acids  in  urine  (as  /3-oxy butyric) 79.3   " 

Average  weight  during  fast 22.7  kilos. 

72.5  X    6.25  =  453  gm.  protein  oxidized. 

72.5  X  10.9     =  790    "     fat  oxidized  comlpletely. 

79.3  X    4.2     =  333    "       "        "  incompletely. 


1,576    "     body  protein  and  fat  consumed. 
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Energy  Expenditure. 

Protein,     453  X  4.1  =    1,860  cal. 

Fat,         1,123  X  9.3  =  10,440     " 

12,300    " 
Lost  in  /3-o.\ybutyric,  79.3  X  4.5  =         360    " 

Total  energy  used 11,940     " 

Energy  per  24  hrs.,  11,940 -M5  =        796     " 

"  "   24   "     per  kilo,  796^22.7  =         35     " 

Case  ;9.— M.C.,  12  years  old,  10  day  fast. 

Nitrogen  in  urine 61 .8  gm. 

Ketone  acids  in  urine  (as  /3-oxybutyric) 69_.  1    " 

Average  weight  during  fast 30.5  kilos. 

61.8  X    6.25  =  386  gm.  protein  oxidized. 

61.8  X  10.9    =  674     "    fat  oxidized  completely. 

68.1  X    4.2     =  286     "      "  "        incompletely. 

1,346     "  body  protein  and  fat  consumed. 
Energy  Expenditure. 

Protein,  386  X  4.1  =     1,580  cal. 

Fat,         960  X  9.3  =    8,920     " 

10,500     " 
Lost  in  /3-oxybutyric,  08. 1  X  4.5  310     " 

Total  energy  used 10,190     " 

Energy  per  24  hrs.,  10,190  -^  10  =     1,019     " 

"  "    24     "     per  kilo,  1,019  -^  36.5  =  28     " 

The  value  for  energy  expenditure  arrived  at  in  this  way  may 
be  regarded  as  a  reasonable  estimate  in  the  ease  of  A.G.  The 
28  calories  per  kilo,  per  24  hours,  calculated  for  M.C.  is  doubtless 
too  low,  although  she  was  an  older  and  extremely  quiet  child.  The 
fact  that  these  calculations  of  energy  expenditure  based  on  two 
measurements  in  the  urine  are  evidently  near  the  mark  must  be 
taken  as  highly  commendatory  of  Shaffer's  values,  and  as  indicating 
that  the  weight  of  fat  consumed  computed  in  this  way  is  a  satis- 
factoril}^  approximate  value. 

The  measurements  of  the  loss  of  body  water  which  these  data 
provide  may  now  be  presented  and  compared  with  the  values 
derived  on  the  basis  of  the  excretion  of  N,  Na,  and  K. 
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Body  weight  loss 

Protein  and  fat  oxidized 

Body  water  lost 

"  "  "    calculated  from  N,  Na,  and  Kin  urine. 


These  estimations  of  body  water  loss  from  measurements  of 
weight  loss,  and  of  nitrogen  and  ketone  acids  in  the  urine  are  seen 
to  be  in  satisfactory  agreement  with  those  derived  from  measure- 
ments of  urine  N,  Na,  and  K. 

Fixed  Base  Availability  during  Fasting,  Computed  on  the  Basis  of 
the  Estimated  Water  Loss  and  the  Normal  Total  Base  Concentration 
in  the  Water  of  Blood  Plasma. — 'The  values  for  loss  of  body  water 
obtained  by  subtracting  the  calculated  weight  of  fat  and  protein 
consumed  from  the  loss  of  body  weight  are  here  multiplied  by  the 
average  usual  concentration  of  base  in  the  water  of  blood  plasma. 
This  value  is  given  in  Table  I  as  1.72  cc.  of  0.1  n  per  cc.  of  plasma 
water  and  is  taken  as  representing  the  level  of  base  content  through- 
out the  body  water.  The  amounts  of  fixed  base  calculated  in  this 
way  as  available  for  use  in  the  process  of  acid  excretion  during  the 
fasting  periods  of  A.G.  and  M.C.  are  compared  with  the  measure- 
ments of  base  in  the  urine.  For  the  purposes  of  this  comparison, 
however,  it  is  necessary  to  deduct  an  amount  of  Ca  assumed  to  be 
derived  from  Ca  deposits.  An  estimation  of  this  value  can  only 
be  arrived  at  by  using  again  the  calculated  loss  of  water  and  its  Ca 
content,  obtained  on  the  basis  of  the  value  given  for  Ca  in  plasma 
water  in  Table  I.  The  Ca  in  this  way  calculated  as  from  body 
water  is  then  subtracted  from  the  total  Ca  in  the  urine  in  order  to 
indicate  Ca  derived  from  a  source  other  than  bodj^  water.  These 
data  are  as  follows: 

A.G.,  15  day  fast. 

Body  water  lost 2,344  cc. 

Calculated  available  fixed  base. .  2,344  X  1.72  =  4,030    "    of  0.1  n. 

Fixed  base  found  in  urine  (Table  II). 

Na" 1,256  cc.  of  0.1  n. 

K- 2,255    "    "0.1" 

Mg" 512    "    "  0.1  " 

Ca" 800    "    "0.1" 

Total 4,823  cc. 
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Calculated  Ca  available  from  body  water,  2,314  X  0.055  =  129  cc.  of 

0.1  -v. 
Ca  in  urine  from  Ca  deposits,  800  -  129  =  671 
Total  fi.xed  base  in  urine  from  body  water,  4,823  —  671  =  4,152  cc.  of 

0.1  X. 

M.C.,  10  day  fast. 

Body  water  lost 2,474  cc. 

Calculated  available  fixed  base.  .2,474  X  1.72  =  4,260  cc.  of  0.1  n. 
,        Fixed  base  found  in  urine. 

Na" 1,378  cc.  of  0.1  n. 

K' 2,262    "    "0.1" 

Mg" 556    "    "0.1" 

Ca" 654    "    "0.1" 

Total 4,850 

Calculated  Ca  available  from  body  water,  2,474  X  0.055  =  136  cc.  of 

0.1  N. 
Ca  in  urine  from  Ca  deposits,  654  —  136  =  518  cc.  of  0.1  n. 
Total  fixed  base  in  urine  from  body  water,  4,850  —  518  =  4,332  cc.  of 

0.1  N. 

The  calculated  values  for  available  fixed  base  during  the  fasts 
of  these  two  children  are  thus,  considering  the  certainly  only 
approximate  accuracy  of  the  factors  used,  in  excellent  agreement 
with  the  amounts  of  fixed  base  found  in  the  urine.  These  data 
satisfactorily  support  the  conception  that,  except  for  most  of  the 
Ca,  the  fixed  base  used  in  the  process  of  acid  excretion  during 
fasting  is  the  base  content  of  the  lost  body  water.  The  inference 
is  also  obtained  that  fixed  base,  except  for  Ca,  is  used  only  to  the 
extent  of  its  availability  from  this  source.  These  data  are 
obviously  not  of  a  precision  to  permit  the  statement  that  no  fixed 
base  was  excreted  at  the  expense  of  base  concentrations  within  the 
bod3^  The  approximate  agreement,  however,  of  base  found  with 
base  calculated  as  available  clearly  indicates  the  control  of  fixed 
base  excretion  in  defense  of  these  concentrations.  Evidence 
more  directly  indicating  the  accuracy  of  this  control  will  be  pre- 
sented in  a  subsequent  section. 

Further  Illustration  of  the  Factors  of  Body  Water  Excretion 
during  Fasting, — In  appreciation  of  the  regulatory  abilit}^  of  the 
mechanism  sustaining  base  in  body  water  it  is  to  be  noted  that 
during  fasting  there  occurs  not  only  a  very  unusual  excess  of  acid 
over  base  claiming  excretion  in  the  urine,  but  also  considerable 
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alteration  in  the  volume  of  body  water.  The  character  of  the 
body  water  loss  during  the  course  of  the  15  day  fast  of  A.G.  is 
illustrated  by  the  data  in  Table  IV  and  is  repeated  graphically  in 
Fig.  2.  The  several  values  which  account  for  the  loss  of  body 
weight  are  here  roughly  evaluated  for  each  of  the  five  3  day  periods 
of  the  fast.  The  measurements  used,  Na,  K,  N,  and  ketone  acids 
(as  (S-oxybutyric),  are  those  already  given  in  Table  II.  The 
manner  of  calculation  of  the  separate  values  with  the  help  of  the 
additional  data  in  Table  I  has  been  described  above.  That  they 
are  of  an  accurac}'  quite  sufficient  for  their  illustrative  purpose  may 
be  indicated  by  noting  that  the  total  body  weight  loss  during  the 
15  day  fast  obtained  by  adding  together  all  the  calculated  values 
for  the  five  periods  is  3,986  gm.,  comparing  satisfactorily  with  the 
loss  of  3,920  gm.  found  by  weighing  the  subject  before  and  at  the 
end  of  the  fasting  period.  The  diagram  (Fig.  2)  may  therefore 
be  regarded  as  displaying  in  approximate!}'  correct  perspective  the 
factors  accounting  for  the  loss  in  body  weight  during  the  course 
of  the  15  day  fast.  As  regards  the  water  loss,  it  will  be  seen  that 
it  is  largest  during  the  first  period  of  the  fast,  owing  chiefly  to  the 
fact  that  the  lowering  of  the  level  of  the  water  content  of  the  bod}'' 
due  to  reduction  of  the  ''glycogen  factor"  is  in  a  large  part  effected 
during  the  first  3  days  of  fasting.  After  6  days  of  fasting  the  loss 
of  water  from  this  cause  has  practically  ceased.  Apparently  the 
loss  of  extracellular  water  is  also  limited  to  the  fil*st  two  periods 
of  the  fast.  This  point  cannot,  however,  be  regarded  as  depend- 
ably demonstrated  bj'  the  data  at  hand.  The  chief  purpose  of  the 
diagram  is  to  indicate  that,  owing  to  both  an  absolute  and  a  relative 
decrease  in  bodj^  water,  base  concentrations  within  the  body  will 
require  constant  adjustment  if  they  are  to  be  kept  at  usual  values. 
A  fact  of  incidental  interest  appearing  in  the  table  and  to  be  seen 
also  in  the  diagram  is  the  roughly  constant  ratio  of  protein  to  fat 
used  for  energy  purposes.  From  the  point  of  view  of  the  size  of 
the  ketone  acid  production,  it  is  significant  that  body  protein  is 
used  to  an  extent  proportionate  to  the  amount  of  fat  oxidized 
with  the  result  that  the  degree  of  ketosis  is  defined.  The  actual 
extent  of  the  need  of  protein  for  maintenance  puiposes  is  pre- 
sumably indicated  bj^  the  nitrogen  excretion  during  the  carbo- 
hydrate after  period  which,  as  may  be  seen  in  Table  II,  is  about 
one-third  of  the  urine  X  during  the  first  period  of  the  fast.     It  is 
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perhaps  permissible  to  interpret  the  so  called  "protein  sparing 
effect"  of  ingested  carbohydrate  as  simpl}^  a  removal  of  the  need 
of  sugar  obtained  from  protein  as  a  means  of  limiting  ketone  acid 
production. 

TABLE  IV. 
Factors  of  Weight  Loss  of  A .  G.  during  a  15  Day  Fast  Calndated  from  Meas- 
urements of  N,  Ketone  Acids  {as  0-Oxybutyric),  Na,  and  K  in  Urine 
Given  in  Table  II. 


Period  (3  day). 


Protein  oxidized 

Fat  completely  oxidized 

"    incompletely  oxidized 

Extracellular  water  lost 

Intracellular  water  lost. 

1.  Due  to  reduction  of  cell  volume .  . 

2.  "      "  destruction  of  protoplasm. 


Total  weight  loss^' . 


Gm.  protein  -^  gm.  fat 


I 

II 

III 

IV 

om. 

om. 

om. 

gm. 

133 

100 

S3 

72 

232 

176 

145 

125 

63 

99 

74 

55 

357 

81 

-60* 

-26 

353 

114 

-36 

8 

477 

360 

298 

257 

1.615 

930 

504 

490 

0.45 

0.36 

0.38 

0.40 

gm. 

64 
112 

43 

-28 

26 
230 

447 

0.41 


*  The  minus  sign  indicates  a  calculated  gain  in  water. 
t  The  sum  of  the  calculated  values  for  weight  loss  is  3,986  gm.     The 
weight  loss  directly  measured  was  3,920  gm. 


Data  similar  to  those  just  presented,  illustrating  the  composition 
of  the  weight  loss  of  Subject  M.C.  during  her  10  day  fast,  are  con- 
tained in  Table  V.  The  values  there  given  are  per  24  hours  for 
the  reason  that  they  were  obtained  from  urine  collections  covering 
irregular  divisions  of  the  fast;  viz.,  the  first  day,  the  next  3  days,  the 
following  4,  and  the  last  2  days.  The  decline  in  the  loss  of  extra- 
cellular water,  and  of  intracellular  water  due  to  reduction  of  the 
"glj^cogen  factor,"  during  the  course  of  the  fast  is  again  shown. 
Apparently  both  of  these  values  are  to  a  slight  extent  replenished 
during  the  last  2  days  of  the  fast  at  the  expense  of  water  from 
destruction  of  protoplasm.  The  data,  however,  are  scarcely  of  an 
accuracy  to  establish  this  inference.  An  additional  point  of 
interest  appearing  in  this  table  is  indicated  by  the  values  found 
for  the  1st  day  of  the  fast;  viz.,  that  the  loss  of  intracellular  water 
seems  to  begin  before  there  is  evidence  of  appreciable  loss  from  the 
extracellular  fluids. 
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It  is  emphatically  desired  that  the  calculated  values  given  in 
this  section  be  regarded  as  not  more  than  extremely  rough  approxi- 
mations. As  regards,  for  instance,  the  use  of  the  K  content  of 
muscle  water  as  a  means  of  estimating  the  loss  of  intracellular 
water  during  fasting,  it  is  admitted  that  water  is  quite  certainly 


ijbOO- 

aoo- 

1,000- 
800 

m- 


Compo5ition  o| 
Bod\j  Weight  Loss 


During  15  da\j  F^stojA.6, 


Values  {or  successive 
3  daj)  periods 


Mrd-ce]|  nj^ 

:■  (destruc.  of 

;pY{;lopi(i5TTi) 


Period 


Fig.  2,  Constructed  from  data  in  Table  IV. 

lost  from  other  tissues  than  the  skeletal  muscles.  The  assumption 
that  this  plan  of  calculation  will  provide  a  rough  approximation 
of  the  intracellular  water  loss  depends  on  the  probability  that  the 
skeletal  muscles  provide  nearly  all  of  the  protein  used  during  fasting, 
and  also  on  the  possibility,  indicated  for  instance  by  the  K  content  of 
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red  blood  cells,  that  other  portions  of  intracellular  water  contain 
concentrations  of  K  of  somewhere  near  the  size  found  in  muscle 
water.  It  may  also  be  noted  here  that  in  referring  the  availability 
of  inorganic  base  to  "destruction  of  protoplasm,"  it  is  not  intended 
to  convey  the  conception  that  muscle  tissue  is  consumed  en  bloc. 
The  alternative  view,  a  general  assessment  of  all  of  the  cells  for 
protein  for  the  energy  need,  would  seem  to  be  much  more  reason- 
able.    A  choice  of  conjecture  is,  however,  unnecessary  in  using  the 

TABLE  v. 
Factors  of  Weight  Loss  of  M.C.  during  a  10  Day  Fast  Calculated  from  Meas- 
urements of  N,  Ketone  Acids  {as  ^-Oxyhutyric),  Na,  and  Kin  Urine, 
Given  in  Table  IV . 


Days  of  experiment. 


Protein  oxidized 

Fat  completely  oxidized 

"     incompletely  oxidized 

Extracellular  water  lost 

Intracellular  water  lost. 

1.  Due  to  reduction  of  cell  volume. . . 

2.  "      "  destruction  of  protoplasm  . 


Total  weight  lossf. 


Gm.  fat  -r-  gm.  protein 


I 

II,  III, 
IV 

V,  VI, 
VII,  VIII 

ym. 

iim. 

gm. 

35 

44 

38 

7G 

67 

29 

35 

28 

115 

45 

210 

150 

31 

125 

156 

137 

570 

3,53 

0.42 

0.37 

IX,  X 

ym. 

37 
65 
30 
20 


79 


176 


0.39 


*  The  minus  sign  indicates  a  calculated  gain  in  water, 
t  The  calculated  weight  loss  for  the  last  9  days  of  the  fast  is  on  the  basis 
of  these  data  3.47  kilos.     The  weight  loss  directly  measured  was  3.55  kilos. 


conception  that  with   reduction  of  protoplasm  there  occurs  a 
proportionate  release  of  its  largest  constituent,  water. 

It  is  our  impression  that  the  data  given  are  of  an  accuracy 
sufficient  to  permit  the  inference  that  all  of  the  inorganic  base 
appearing  in  the  urine  during  fasting,  except  for  the  greater  part 
of  the  Ca  excretion,  radiy  with  probable  correctness  be  regarded 
as  the  base  content  of  body  water  lost  in  consequence  of  causes 
referable  to  the  metabolism  of  fasting.  The  source  of  the  base  is, 
we  believe,  thus  adequately  explained  without  the  necessity  of 
hypothecating  the  existence  in  the  body  of  "base  depots,"  except 
in  the  case  of  Ca.     The  data  are  presented  with  the  purpose  of 
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illustrating  in  terms  sufficiently  quantitative  this  extremely 
simple  conception  of  the  factors  determining  the  availability  of 
inorganic  base  for  the  binding  of  acid  in  the  urine  during  fasting. 

IV. 

Factors  Determining  the  Amounts  of  Acid  Substances 
Claiming  Excretion  in  the  Urine  during  Fasting. 

The  outstanding  feature  of  the  energy  metabolism  during 
fasting  is  that  it  very  soon  comes  to  be  practically  entirely  sup- 
ported by  the  combustion  of  body  fat  and  protein,  with  the  result 
that  oxidation  of  carbohydrate  is  reduced  to  a  level  determined 
by  the  extent  to  which  glucose  is  derived  from  the  metabolism  of 
bod}^  protein.  The  amounts  of  the  various  acid  substances 
claiming  excretion  in  the  urine  during  fasting  are  in  relationship 
with  this  lowering  of  glucose  availability.  The  most  conspicuous 
consequence  is  an  incomplete  oxidation  of  a  considerable  part  of 
the  body  fat  used  in  support  of  the  energy  need.  The  incompletely 
oxidized  fatty  acids  must  be  excreted  in  the  urine  as  )S-oxybutyric 
and  diacetic  acids  with  an  expenditure  of  nearly  their  full  equiva-  . 
lence  of  base.  Since  under  normal  circumstances  the  final  acid  1 
product  of  the  oxidation  of  the  fatty  acids,  H2CO3,  is  eliminated 
base-free  by  way  of  the  lungs,  the  ketone  acids  produced  during 
fasting  constitute  a  large  addition  to  the  usual  excess  of  acid  over 
fixed  base  claiming  excretion  in  the  urine  and  make  necessary  great 
extension  of  the  factors  conser^^ing  the  base  concentrations  of  the 
bodj"  fluids.  The  extent  to  which  the  oxidation  of  fat  is  incom- 
plete during  fasting  is  illustrated  by  the  data  in  Tables  IV  and  V 
and  is  also  shown  in  Fig.  2. 

Besides  the  incomplete  oxidation  of  a  part,  of  the  body  fat  used 
during  fasting,  which  results  in  a  large  addition  to  the  acid 
excretion,  there  occurs  also  an  oxidation  of  body  protein  in  excess 
of  the  maintenance  need  of  the  vitalty  important  parts  of  the 
protoplasmic  mass  and  a  reduction  of  the  water  content  of  the 
body  in  excess  of  the  water  loss  accompanying  the  destruction  of 
protoplasm.  Both  of  these  additional  effects  of  a  lowered  glucose 
availability  are  concerned  in  determining  the  amounts  of  acid 
substances  derived  from  protein  and  body  water  which  will  enter 
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the  urine  during  fasting.  Proportionate  to  the  destruction  of 
protoplasm,  amounts  of  H.2PO4,  H0SO4,  HCl,  and  presumably  of 
the  organic  acids  found  normally  in  the  urine,  will  be  released  and 
will  claim  excretion,  and  to  such  extent  as  these  acid  substances 
are  present  as  inorganic  salts  in  the  body  water  there  should  occur 
an  additional  excretion  of  them  proportionate  to  the  loss  of  body 
water  in  excess  of  the  water  of  destroyed  protoplasm.  HCl  being 
carried  altogether  as  chloride  and,  moreover,  being  contained 
chiefly  in  extracellular  water,  its  excretion  during  fasting  may  be 
expected  to  be  largely  a  consequence  of  the  decrease  in  body  water 
volume  due  to  reduction  of  the  "glycogen  factor."  As  this  event 
occurs  during  the  first  part  of  a  fasting  period  the  excretion  of 
chlorides  should  be  most  abundant  then,  declining  subsequently 
to  a  small  amount  representing  the  chloride  content  of  the  water  of 
destroyed  protoplasm,  the  concentration  there  (muscle  water) 
being  according  to  Katz  one-fifth  of  that  found  in  extracellular 
water  (plasma  water).  The  basis  for  this  expectation  regarding 
the  character  of  the  chloride  excretion  during  fasting  will  be  made 
apparent  by  inspection  of  Fig.  2,  and  satisfactory  verification  is 
provided  by  the  measurements  of  HCl  excretion  during  the  15  day 
fast  of  Subject  A.G.  given  in  Table  VI.  In  complete  contrast 
to  HCl,  H2SO4  is  practically  entirely  derived  by  oxidation  of 
protein.  The  amounts  of  sulfates  in  the  urine  may  therefore 
be  expected  to  parallel  closely  the  consumption  of  protoplasm 
regardless  of  alterations  in  the  volume  of  body  water.  In  agree- 
ment with  this  anticipation  are  the  approximately  stationary 
ratios  for  urine  N  and  S  (inorganic)  given  in  Table  VI.  Katz 
notes  that  half  or  even  more  of  the  phosphorus  contained  in  muscle 
tissue  may  be  extracted  with  water.  This  fact  provides  ground 
for  the  surmise  that  the  water  of  protoplasm  may  contain  a 
considerable  concentration  of  inorganic  phosphates.  If  this  be 
the  case  a  part  of  the  excretion  of  phosphates  during  fasting  should 
be  a  consequence  of  the  reduction  of  cell  volume,  and  the  urine 
during  the  early  part  of  a  fasting  period  should  therefore  contain  P 
in  addition  to  the  amount  derived  from  the  destruction  of  proto- 
plasm. The  declining  character  of  the  P:N  ratio  in  Table  VI, 
except  for  a  high  ratio  during  Period  IV,  may  be  interpreted  in 
support  of  this  surmise.  The  very  low  ratio  for  the  carbohydrate 
after  period  may  be  taken,  in  agreement  with  the  conception 
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which  is  being  used,  as  indicating  a  retention  of  P  to  support  the 
phosphate  concentration  in  the  presence  of  an  expanding  cell 
volume  due  to  restoration  of  the  '^glycogen  factor. "  The  high  P :  N 
ratio  during  the  first  few  days  of  fasting  in  contrast  with  the  very 
low  ratio  when  glucose  is  given,  and  also  the  roughly  stationary 

TABLE  VI. 

Measurements  of  Nitrogen,  Sulfates,   Phosphates,   and  Chlorides  in  Urine 
during  the  15  Day  Fast  and  3  Day  Carbohydrate  After  Period  of  ji.G. 


Period 

(3  day). 

Nitrogen. 

Sulfates 
(inor- 
ganic). 

S:N 

Phos- 
phates (in- 
organic). 

P:N 

Chlorides. 

om. 

gm.  S 

gm.P 

(jm.  CI 

Fasting. 

I 

21.3 

1.26 

0.058 

2.35 

0.110 

1.56 

II 

16.1 

0.94 

0.058 

1.67 

0.104 

0.80 

III 

13.3 

0.77 

0.058 

1.17 

0.088 

0.60 

IV 

11.5 

0.57 

0.050 

1.10 

0.096 

0.26 

V 

10.3 

0.57 

0.055 

0.89 

0.086 

0.14 

Carbohydrate . 

VI 

7.6 

0.42 

0.056 

0.29 

0.038 

0.14 

TABLE  VIL 
Measurements  of  Nitrogen,  Sulfates,  and  Phosphates  in   Urine  during  the 
'■^-i    4  Day  Fast  and  2  Day  Carbohydrate  After  Period  of  D.M. 


Day. 

Nitrogen. 

Sulfates 
(inorganic). 

S:N 

Phos- 
phates (in- 
organic). 

P:N 

gm. 

gm.  S 

gm.  P 

Fasting. 

I 

5.74 

0.336 

0.058 

0.605 

1.05 

II 

6.73 

0.472 

0.062 

0.718 

0.94 

III 

7.56 

0.428 

0.057 

0.800 

1.05 

IV 

8.12 

0.433 

0.053 

0.832 

1.02 

Carbohydrate. 

I 

5.53 

0.280 

0.051 

0.468 

0.85 

11 

5.18 

0.259 

0.050 

0.220 

0.42 

value  of  the  S:N  ratio  in  the  presence  of  a  change  in  cell  volume 
are  illustrated  again  by  the  data  in  Table  VII.  The  measurements 
used  here  were  obtained  from  an  eight  year  old  boy  (Subject  D.  M.) 
who  was  fasted  for  4  days  and  then  given  cane-sugar  and  toast  for 
2  daj^s.  The  decline  of  the  P :  N  ratio  during  the  course  of  a  fasting 
period  is  here  interpreted  in  the  same  way  as  the  much  larger 
change  in  the  found :  calculated  ratio  for  K  given  in  Table  II. 
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The  wider  range  of  the  latter  ratio  may  be  explained  as  due  to  the 
fact  that  K  is  entire!}'  contained  in  cell  water  and  its  excretion 
may,  therefore,  be  expected  to  be  affected  by  alteration  of  cell 
volinne  to  a  greater  extent  than  in  the  case  of  the  P  of  protoplasm 
which  is  present  onh*  in  part  in  solution  as  phosphates. 


The  Regulation  of  Fixed  Base  Excretion. 

The  amounts  of  fixed  base  found  in  the  urine  collected  during 
the  fasting  periods  of  A.G.  and  M.C.  are  in  approximate  agree- 
ment with  the  amounts  calculated  as  available  for  use  in  the 
process  of  acid  excretion  without  depleting  the  base  content  of 
body  Avater  (Section  III) .  The  extent  to  which  fixed  base  enters 
the  urine  is  thus  seen  to  be  carefully  controlled.  In  this  section 
will  be  presented  data  illustrating  the  manner  of  this  control.  The 
necessity  for  a  constantly  alert  regulation  of  fLxed  base  excretion  is 
evident  from  the  fact  that,  even  under  usual  circumstances  of 
metabolism,  the  sum  of  acid  substances  entering  the  urine  is 
variably  larger  than  the  intake  of  fixed  base.  The  huge  increase 
in  the  excess  of  acid  over  fixed  base  claiming  excretion  in  the  urine 
during  fasting,  owing  to  the  causes  considered  in  Section  IV, 
obviously  demands  a  wide  extensibilitj^  of  the  factors  effecting  the 
conservation  of  fixed  base  if  the  base  concentrations  of  the  body 
fluids  are  to  be  correctly  sustained.  As  regards  the  manner  of  the 
control  of  fixed  base  excretion,  we  are  chiefly  indebted  to  Henderson 
(10)  and  to  Henderson  and  Palmer  (11)  for  an  essentially  complete 
understanding  of  the  principles  underlying  the  operation  of  this 
very  beautiful  example  of  a  physiological  mechanism  of  the 
regulatory  type.  In  undertaking  to  describe  briefly  this  mecha- 
nism, the  two  factors  which,  together,  detennine  the  extent  to  which 
the  acid  products  of  metabolism  are  permitted  to  cany  fixed  base 
into  the  urine  may  be  designated  "base  economy"  and  "ammonia 
production." 

The  base  economy  factor  depends  on  the  ability  of  the  kidne}'  to 
secrete  a  fluid  of  much  greater  acidity  than  blood  plasma.  In 
consequence  of  this  fact  phosphoric  acid  and  various  organic  acids 
can  enter  the  urine  with  less  i)ase  than  they  bind  while  being  con- 
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veyed  for  excretion,  and  carbonic  acid  is  almost  entirely  prevented 
from  carrying  base  into  acid  urines. 

The  extent  of  the  absolute  saving  of  base  in  the  elimination 
of  phosphoric  acid  in  urine  of  usual  acidity  (pH  6.0)  may  be  briefly 
indicated.  Phosphoric  acid  is  bound  both  as  mono-basic  and  as 
di-basic  phosphate  in  the  plasma  and  in  urine.  In  the  plasma 
(at  pH  7.4)  the  ratio  BH2P04:B2HP04  is  1:4.  In  urine  (at  pH 
6.0)  the  ratio  is  more  than  reversed,  becoming  9:1.  From  these 
ratios  it  may  be  derived  that  the  base  bound  (in  terms  of  nor- 
malitjO  ^y  H3PO4  while  being  conveyed  for  excretion  is  1.8  times 
the  molecular  concentration  of  the  acid,  whereas  in  urine  at  pH 
6.0  the  base  equivalence  is  reduced  to  1.1.  Thus,  according  to 
these  values,  the  elimination  of  phosphoric  acid  in  urine  of  usual 
acidity  is  accomplished  with  a  saving  of  approximately  40  per  cent 
of  the  base  which  it  binds  in  the  plasma.  A  further  slight  saving 
is  obtainable  bj^  the  secretion  of  urine  of  maximum  aciditj^, 
pH  5.0. 

The  various  organic  acids  which  normally  enter  the  urine  are 
presumably  weakly  acid  substances  and  it  may  reasonably  be 
expected  that  in  acid  urines  a  part  of  their  total  concentrations  will 
be  present  unbound.  That  these  acids  are  to  an  appreciable 
extent  free  in  acid  urines  may  be  demonstrated  by  comparing  the 
titratable  acidity  of  the  urine  Avith  the  amount  of  acid  phosphate 
present.  The  former  value  is  found  to  exceed  to '  a  definitely 
measurable  extent  the  acidity  due  to  acid  phosphate.  In  the  case 
of  the  ketone  acids  knowledge  of  their  dissociation  constants  (12) 
permits  us  to  state  that  in  very  acid  urines  containing  them,  about 
5  per  cent  of  the  diacetic  acid  and  20  per  cent  of  the  /3-ox)^butyric 
acid  are  unbound.  With  the  very  large  excretion  of  these  acids 
which  takes  place  dming  fasting,  the  economy  of  base  in  their 
elimination,  although  small  in  relation  to  their  total  excretion, 
nevertheless  becomes  a  value  of  about  the  same  absolute  size  as 
the  saving  effected  in  the  case  of  phosphoric  acid. 

The  elimination  of  carbonic  acid  in  urine  is  the  result  of  proc- 
esses which  differ  essentially  from  those  which  determine  the 
excretion  of  the  other  urinary  acids.  Free  carbonic  acid  is  not 
actively  secreted  by  the  kidney,  its  presence  in  the  urine  being 
simply  a  direct  diffusion  consequence  of  the  CO2  tension  of  the 
plasma.     It  may  therefore  be  regarded  as  only  incidentally  a 
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urinary  acid.  The  concentration  of  H2CO3  in  the  urine,  being 
determined  b}'  that  of  the  plasma,  is  an  approximately  stationary 
value,  direct  measurements  indicating  a  slightly  higher  concen- 
tration than  obtains  in  the  plasma.''  Owing  to  this  fixed  value 
for  free  car])onic  acid  the  concentration  of  bicarbonate  in  the  urine 
necessarih'  becomes  a  function  of  hydrogen  ion  concentration,  and 
declines  rapidly  with  increase  in  urinary  acidity.^  The  signifi- 
cance of  these  relationships  may  best  be  indicated  by  actual  values. 
Urine  excreted  at  the  reaction  of  blood  plasma,  pH  7.4,  is  found 
to  contain  about  360  cc.  of  0.1  n  BHCO3  per  liter,  approximately 
the  bicarbonate  concentration  of  the  plasma,  whereas  in  urine  of 
average  aciditj^  (pH  6.0)  the  concentration  of  BHCO3  is  reduced 
to  10  to  15  cc.  of  0.1  N  per  liter.  Inasmuch  as  carbonic  acid  can 
be  eliminated  base-free  by  way  of  the  lungs,  bicarbonate  entering 
the  urine  must  be  regarded,  from  the  point  of  view  of  base  conser- 
vation in  the  process  of  acid  excretion,  as  base  entirely  wasted. 
It  is  evident  from  the  data  just  given  that  by  elimination  of  urine 
of  a  usual  degree  of  acidity  a  large  and  entirely  useless  expenditure 
of  base  is  almost  completely  avoided.  This  fact  must  be  regarded 
as  a  chief  significance  of  the  usual  reaction  of  urine.  The  factors 
controlling  the  elimination  of  carbonic  acid  in  urine  are  thus  seen 
to  suit  excellently  the  usual  need  for  an  economical  use  of  base  in 
the  process  of  acid  excretion.  It  should  be  pointed  out,  however, 
that  these  factors  fit  just  as  appropriately  the  inverse  of  the  usual 
situation;  viz.,  an  excess  of  fixed  base  over  acid  claiming  excretion 
in  the  urine.  Under  these  circumstances  depression  of  urinary 
acidity  will  permit  the  entrance  into  the  urine  of  increasingly 
large  amounts  of  fixed  base  as  bicarbonate.  By  this  maneuvre 
depletion  of  acid  concentrations  in  the  body  fluids,  (CI')  for  in- 
stance, can  be  avoided.  The  use  of  carbonic  acid  in  the  process  of 
acid  excretion  in  defence  of  other  acid  concentrations  within  the 

^  In  explanation  of  this  somewhat  higher  CO2  tension  in  the  urine,  it 
may  be  surmised  that  the  urine  acquires  the  CO2  tension  of  the  kidney- 
tissue  and  that  this  is  somewhat  above,  though  in  direct  relationship  with,- 
the  CO  2  tension  of  the  plasma. 

IT  PO 
8  Hydrogen  ion  concentration  being  the  quotient  of  the   — — —   ratio,  it 

BHCO3 

necessarily  follows  that,  (H2CO3)  remaining  stationary,  (BHCO3)  will 
decline  with  increase  in  (H'). 


Gamble,  Ross,  and  Tisdall  663 

body  is  directly  analogous  to  the  excretion  of  ammonia  as  a  means 
of  sparing  fixed  base.  These  two  substances  are  correctly  com- 
parable in  that  they  present  in  common  a  widely  extensible 
availability.  This  point  is  made  in  order  to  indicate  that  both 
sides  of  the  acid-base  structure  in  the  body  water  are  strongly 
defensible.  The  above  description  of  the  factors  controlling  the 
excretion  of  base  in  the  urine  as  bicarbonate  is  derived  from  data 
published  by  Gamble  (13). 

The  two  remaining  urinary  acids,  hydrochloric  and  sulfuric, 
being  strong  acids,  i.e.  dissociating  when  in  solution  practically  all 
of  their  hydrogen,  cannot  be  present  to  an  appreciable  extent 
unbound  in  so  weakly  acid  a  solution  as  is  urine  of  even  maximum 
acidity.  Thej^  must  therefore  carry  their  full  equivalence  of  base 
into  the  urine. 

With  regard  to  measurement  of  the  base  economy  factor,  it  may 
first  be  noted  that  the  small  amount  of  carbonic  acid  which  enters 
the  urine  as  a  consequence  of  the  CO2  tension  of  the  plasma  is 
almost  entirely  lost  during  and  after  voiding  unless  elaborate 
precautions  are  taken  in  collecting  the  urine.  The  acidit}^  of  a 
urine  specimen  collected  in  the  usual  waj^  is  therefore  practically 
entirely  due  to  acid  phosphate  and  free  organic  acids.  The  base 
saving  which  this  acidity  represents  can,  as  Henderson  pointed 
out,  be  easily  and  directly  measured  by  titrating  the  urine  to  the 
reaction  of  blood  plasma  (pH  7.4),  the  amount  of  alkali  which 
must  be  added  to  urine  to  bring  its  reaction  to  that  of  blood  plasma 
being  obviously  a  measure  of  the  base  released  by  these  acids  as 
they  entered  the  urine.  The  measurements  of  base  economy  given 
below  were  obtained  in  this  manner  from  24  hour  urine  specimens 
collected  without  precautions  against  a  loss  of  CO2,  and  may 
therefore  be  taken  as  representing  the  base  saving  in  the  elimi- 
nation of  phosphoric  acid  and  the  organic  acids.  The  huge  saving 
of  base  as  bicarbonate  which  is  a  consequence  of  the  excretion  of 
acid  urine  (pH  6.0  to  5.0)  has  been  described  above.  Urines 
obtained  during  fasting  are  nearly  always  of  a  pH  below  6.0  and 
therefore  contain  negligible  amounts  of  base  as  bicarbonate.  For 
this  reason  measurements  of  H2CO3  and  BHCO3  are  not  included 
in  the  data  given  below  which  in  other  respects  present  completely 
the  acid-base  composition  of  the  urine.  These  data  are  meant 
to  illustrate  the  manner  of  excretion  of  the  strictly  urinary  acids 
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amonp;  which  carlionic  acid  is  appropriate!}'  not  inchulcd.  It 
shoukl  not  be  forgotten,  however,  tliat  owing  to  the  abihty  of  the 
kidney  to  secrete  these  acid  urines  management  of  the  excretion 
of  the  acids  which  must  leave  the  body  in  the  urine  is  unhampered 
by  a  large  wastage  of  base  as  bicarbonate. 

The  second  factor  controlling  fixed  base  excretion  consists  in 
a  regulated  use  of  ammonia  for  the  binding  of  acid  substances 
as  they  enter  the  urine.  As  regards  the  latter  part  of  this  state- 
ment we  have  not  direct  evidence.  We  see,  however,  in  the  urine 
often  the  greater  part  of  an  abnormal^  large  acid  excretion  bound 
by  NII3;  and  find  in  the  blood  plasma  a  concentration  of  NH3 
which  is  so  small  as  to  be  not  accurately  measurable  (±  1.0  cc. 
of  0.1  N  per  liter).  It  is  easy  to  assume  from  these  facts  that  the 
transport  of  acid  substances  is  accomplished  by  means  of  fixed 
base  and  that  this  base  is  replaced  in  the  kidney  by  NH3,  derived 
from  urea,  to  such  extent  as  is  necessary  for  the  maintenance  of  the 
fixed  base  concentration  of  the  plasma.  Such  an  hypothesis 
involves  crediting  the  kidney  with  accomplishment  of  a  regulated 
synthesis,  a  role  which  it  must  be  admitted  seems  startlingly  out 
of  character  for  this  organ.  Nash  and  Benedict  (14),  however, 
have  recently  advanced  argmnent  and  experimental  evidence 
which  strongly  support  the  surmise  that  the  kidney  is  the  locus 
of  the  regulatory  relationship  between  ammonia  production  and 
acid  excretion.  As  compared  with  base  economy  it  may  be  noted 
that  ammonia  production  is  usually  the  larger  of  the  two  factors 
controlling  fixed  base  excretion  and  in  time  of  need  is  greatly  more 
extensible. 

The  data  to  be  presented  in  this  section  were  obtained  from  three  chil- 
dren. (1)  A.  G.,  8  years  old,  whose  15  day  fast  and  3  day  carbohj^drate 
after  period  have  already  been  mentioned  (Section  III) .  The  measurements 
given  here  are  24  hour  values  for  consecutive  3  day  periods  during  the  18 
days  of  the  experiment.  (2)  F.  McH.  was  a  12  year  old  girl.  For  3  days 
before  her  fast  she  was  placed  on  an  adequate  standard  diet  consisting  of 
bread  100  gm.,  butter  20  gm.,  and  milk  800  cc.  After  fasting  for  10  days, 
this  diet  was  resumed  for  a  period  of  1  week,  and  was  quantitatively  taken, 
including  the  1st  day  that  her  fast  was  broken.  Beginning  the  day  before 
the  fast  24  hour  urine  specimens  were  collected  throughout  the  entire 
experimental  period.  (3)  D.  M.,  an  8  year  old  boy,  was  also  placed  on  a 
standard  diet,^  in  this  instance  for  5  days  before  his  fast.     He   fasted  4 

'  The  diet  of  D.M.  during  the  fore  period  was  per  day:  milk  1,000  cc, 
bread  100  gm.,  butter  20  gm.,  farina  200  gm.,  one  egg,  and  one   orange. 
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(lays  and  was  then  given  carbohydrate  only  for  a  period  of  5  days.  This 
alter  period  diet  consisted  of  four  slices  of  toast  and  50  gm.  of  cane-sugar 
per  day.  The  sugar  was  given  in  water  flavored  with  orange  juice.  During 
the  last  3  days  of  the  fore  period  and  throughout  the  fast  and  after  period, 
24  hour  urine  specimens  were  collected.  Measurements  from  only  the  two 
first  specimens  following  the  fast  are  given  here.  During  the  last  3  days  of 
tJie  after  period  NaCl  was  added  to  the  carbohydrate  diet  for  a  purpose  to 
be  described  in  the  next  section.  These  children  were  given  distilled  water 
to  drink.  The  water  was  kept  at  their  bedsides  and  they  were  encouraged 
to  drink  as  much  as  they  wished  to, 

With  the  purpose  of  illustrating  completely  the  process  of 
acid  excretion  the  following  substances  were  directly  determined 
in  the  urine  specimens:  organic  acids,  phosphates  (inorganic), 
sulfates  (inorganic),  chlorides,  titratable  acidity,  and  ammonia. 
From  these  measurements,  acid  and  base  values,  as  cc.  of  0.1  n,  were 
derived.  The  acid  values  are  given  in  terms  of  base  equivalence 
at  the  reaction  of  blood  plasma,  i.e.  H3PO4  as  cc.  of  0.1  m,  was 
multiplied  bj^  1.8  (see  foot-note  13),  and  the  full  titration  value 
of  the  organic  acids  as  measured  by  the  method  of  Van  Slyke  and 
Palmer  was  taken.  As  has  been  mentioned,  HCl  and  H2SO4  are 
completely  bound  both  in  urine  and  in  plasma.  By  subtracting 
base  economy  (titratable  acidity)  from  the  total  acid  excretion" 
(in  terms  of  base  bound  at  pH  7.4)  a  measurement  of  the  total, 
base  excretion  is  obtained.  If  the  measurement  of  ammonia 
excretion  be  subtracted  from  the  value  for  total '  base  excretion 
the  remainder  of  base  may  be  taken  as  the  amount  of  fLxed 
base  which  was  permitted  to  enter  the  urine.  It  will  be  seen 
that  by  this  plan  an  indirect  measurement  of  the  fixed  base 
excretion  is  obtained,  and  the  operation  of  the  two  factors  con- 
trolling it  is  incidentally  illustrated  in  quantitative  terms.  This 
method  of  analysis  of  the  process  of  acid  excretion  is  shown 
in  detail  by  means  of  actual  data  in  Table  VIII.  The  indirectly 
obtained  measurement  of  the  fixed  base  excretion  is  necessarily 

'"It  should  be  noted  that,  in  this  paper,  by  the  term  "total  acid  excre- 
tion" is  meant,  as  indicated  above,  the  sum  of  the  measurements  of  the  acid 
radicles  in  urine.  This  meaning  of  the  term  should  therefore  not  be  con- 
fused with  that  of  "total  acid"  used  by  Henderson  and- Palmer  to  designate 
the  sum  of  the  measurements  of  the  titratable  acidity  of  the  urine  and  the 
ammonia  excretion;  i.e.,  the  amount  of  acid  excreted  without  an  expendi- 
ture of  fixed  base. 
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of  only  an  approximate  accuracy.  Table  VIII  contains  also  a 
direct  measurement  of  the  fixed  base  obtained  by  determining 
separately  the  amounts  of  Na,  K,  Ca,  and  Mg  in  the  specimen, 
and  it  will  be  seen  that  the  total  of  fixed  base  found  is,  in  this  instance, 
in  excellent  agreement  with  the  indirect  estimation  of  fixed  base 
excretion.  Further  evidence  that  the  principles  used  in  obtain- 
ing the  fixed  base  excretion  in  this  manner  are  correct  is  supplied 
by  the  data  given  in  Table  IX.  It  will  be  noted  that  only  in  a 
few  instances  is  there  a  wide  discrepancy  between  the  calculated 
and  directly  measured  values. 

TABLE  IX. 
Comparing  the  Direct  Measurements  and  Indirectly  Obtained  Estimations  of 
Fixed  Base  Excretion  during  the  15  Day  Fast  and  the  3  Day  Carbo- 
hydrate After  Period  of  A.G. 


1st  3  days  of  fast 

2iid  3     "      "      "    

3rd  3     "      "      "    

4th  3     "      "      "    

5th  3     "      "      "    

Carbohydrate,  3  days 

Values  given  are  per  24  hours. 


Measured 
directly. 

Estimated 
indirectly. 

cc.  0.1  N 

cc.  0.1  N 

663 

652 

388 

332 

201 

194 

185 

195 

170 

177 

52 

14 

The  data  obtained  from  the  three  children  are  presented  in 
Tables  X,  XI,  and  XII,  according  to  the  plan  indicated  in  Table 
VIII.  Measurements  of  pH,  nitrogen,  creatinine,  and  of  the 
A :  NH3,  and  NH3  nitrogen  :  total  nitrogen  ratios  are  also  included 
in  these  tables.  The  values  in  the  tables  are  repeated  graphically 
in  Figs.  3,  4,  and  5.  In  these  figures  the  left  hand  diagram  repre- 
sents the  acid  excretion  and  the  diagram  on  the  right  the  manner 
of  its  management  as  regards  the  use  of  base.  The  values  for  the 
individual  acids  are  superimposed  with  the  result  that  the  top 
line  measures  the  total  acid  excretion.  The  right  hand  diagram 
is  constructed  by  first  copj'ing  the  line  representing  the  total  acid 
excretion  (in  terms  of  base  bound  at  the  reaction  of  the  plasma), 
then  laying  off  downward  from  it  the  measurements  of  titratable 
acidity  (base  economy).     There  is  thus  produced  a  line  measur- 
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ing  the  total  base  excretion.  From  this  line  the  amounts  of 
ammonia  found  in  the  urine  are  laid  off  and  the  size  of  the  remain- 
der of  the  base  excretion,  which  is  fixed  base,  is  thus   indicated. 


Fig.  5.  Presenting  graphically  the  data  from  D.  M.  given  in  Table  XII. 


It  will  be  obvious  that  these  lines  are  not  true  curves,  since  thej" 
simply  connect  points  measuring  24  hour  values  which  are  verti- 
cally superimposed. 
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Those  data  aro  presented  with  the  purpose  of  indicating  the 
character  of  the  acid  excretion  during  fasting  and  the  manner  of  its 
accompHshment .  This  purpose,  it  is  beheved,  is  satisfactorily  served 
by  the  plan  used  in  presenting  the  values  in  the  tables  and  figures, 
and  further  comment  may  be  brief.  The  huge  increase  in  the 
organic  acid  excretion,  due  to  the  ketosis  of  starvation,  is  evident 
in  the  tables  and  diagrams.  For  instance,  in  terms  of  the  total 
acid  excretion  the  organic  acids  were,  in  the  case  of  F.  McH., 
13  per  cent  on  the  fore  period  diet,  and  became  64  per  cent  at  the 
height  of  ketosis  (5th  and  6th  dsiy  of  the  fast),  (Table  XI  and 
Fig.  4).  These  values  for  D.M.  are  10  and  50  per  cent  on  the 
fore  period  diet,  and  on  the  4th  daj^  of  fasting,  respectively, 
(Table  XII,  Fig.  5).^^     The  organic  acid  excretion  is  seen  to  rise 

1^  It  is  of  interest  to  note  here  the  several  times  larger  organic  acid  excre- 
tion \vhich  would  take  place  were  it  not  that  the  ketosis  is  limited  by  com- 
bustion of  protein  in  excess  of  the  maintenance  need  of  the  vitally  important 
parts  of  the  protoplasmic  mass  (see  page  653).  In  illustration  of  this  point, 
urine  N  was  in  the  case  of  D.M.  8.12  for  the  4th  day  of  his  fast.  Urine  N 
for  the  5th  day  of  the  carbohj'drate  period  following  the  4  day  fast  was 
found  to  be  only  2..38  gm.  Assuming  that  these  2.38  gm.  of  N  represent 
the  maintenance  need  for  protein,  then  8.12  —  2.38  =  5.74  gm.  of  N  may,  for 
the  purpose  of  this  argument,  be  taken  as  protein  metabolized  for  the  sake 
of  its  yield  of  triose.  Were  this  extra  protein  not  used  the  fat  incompletely 
metabolized  in  consequence  would  be,  according  to  the  factors  given  on 
page  649,  10.9  X  5.74  =  63  gm.,  and  the  ketone  acid  excretion  therefrom^  as 
/3-ox3'butyric,  63  -^  4.2  =  15  gm.  The  excretion  of  ketone  acids  during  the 
4th  day  of  D.M.'s  fast  was,  as /J-o.xybut^-ric,  5.2  gm.;  i.e.,  one-fourth  of  the 
amount  which  would  have  claimed  e.xcretion  if  protein  metabolism  had  been 
limited  to  the  maintenance  need. 

It  may  be  calculated  that  management  of  the  excretion  of  an  additional 
15  gm.  of  ketone  acids  would  be,  in  this  instance,  far  beyond  the  capacity 
of  the  mechanism  controlling  fixed  base  elimination.  Assuming  that  20 
percent  of  these  approximately  1,500  cc.  of  O.In  ketone  acids  would  enter  the 
urine  unbound  1,200  cc.  would  have  to  be  covered  by  NH3.  The  NH3 
excretion  on  the  4th  day  of  the  fast  was  750  cc.  of  0. 1  n.  To  manage  the  excre- 
tion of  the  additional  ketone  acids  a  total  of  1,950  cc.  of  0.1  x  NH3  would  be 
demanded  which  in  terms  of  ammonia  N  would  be  2.73  gm.,  an  amount  in 
excess  of  the  total  urine  N  (2.38  gm.)  taken  as  indicating  the  use  of  protein 
to  the  extent  of  the  maintenance  need.  These  data  will  serve  to  emphasize 
the  great  importance  from  the  point  of  view  of  acid-base  metabolism  during 
fasting  of  the  antiketongenic  role  of  protein  metabolism.  As  has  been 
mentioned,  the  so  called  "protein  sparing  effect  of  carbohydrate"  may 
probabh^  be  regarded  as  the  removal  of  a  demand  for  antiketogenic  sub- 
stance at  the  expense  of  protein. 
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rapidl}^  during  the  first  4  or  5  days  of  fasting,  presumabl}'  in  con- 
sequence of  the  consumption  of  the  body's  surplus  of  glycogen, 
and  then  to  fall  steadily  during  the  remainder  of  the  fasting  period. 
It  is  also  to  be  noted  that  decline  in  organic  acid  excretion  is 
accompanied  bj^  a  decline  in  the  excretion  of  the  other  urinary 
acids.     Indeed  after  the  height  of  the  organic  acid  excretion  has 
been  reached  there  obtains*throughout  the  remainder  of  the  fast 
a  quite  strikingly  steady  proportionality  as  regards  the  amounts  of 
organic  and  of  inorganic  acids  entering  the  urine.     To  illustrate 
this  point  the  organic  acid  ."total  acid  ratios  derived  from  the  data 
in  Table  X  for  Periods  II,  III,  IV,  and  V,  are  0.59,  0.58,  0.56,  and 
0.57,     respectivel}'.     This    relationship    may    be    satisfactorily 
explained.     During  the  first  several  days  of  fasting  the  body's 
store  of  surplus  carbohydrate  is  rapidly  consumed  and  the  decrease 
in  the  volume  of  body  water  due  to  reduction  of  the  "glycogen 
factor"  is  almost  completely  effected.     During  the  remainder  of 
the  fasting  period  the  extent  to  which  protoplasm  is  destrojj-ed 
practically  entirely  determines  the  inorganic  acid  excretion  and 
also,  owing  to  the  stationary  ratio  of  body  fat  and  body  protein 
consimiption  (Tables  IV  and  V),  determines  the  organic  acid 
excretion.     It  may  therefore  be  expected  that,  with  the  gradual 
lowering  of  energ}^  metabolism  during  fasting,  the  amounts  of 
inorganic  and  of  organic  acids  entering  the  urine  wiU  decline  in  the 
parallel  fashion  which  may  be  seen  in  Table  III  and  as  indicated 
by  the  ratios  given  above.     It  may  be  mentioned  here  that  infer- 
ence that  the  height  of  ketosis  during  fasting  represents  a  tem- 
porarily excessive  use  of  fat  over  protein  is  incorrect,  the  grade  of 
ketosis  being  determined  simph^  b}^  the  extent  of  energy  expendi- 
ture  which   is  sustained,   after    the    disappearance    of    surplus 
glycogen,  at  the  expense  of  body  fat  and  body  protein  on  a  steady 
basis  of  partnership. 
/.'    Tables  X,  XI,  and  XII,  and  especially  Figs.  3,  4,  and  5,  illustrate 
clearly  the  limitation  of  the  use  of  fixed  base  in  the  process  of  acid 
excretion  effected  bj^  the  two  regulatory  factors,  base  economj^  and 
ammonia  production.     In  the  case  of  F.   McH.,    for  instance, 
(Table  XI  and  Fig.  4)  on  the  fore  period  diet,  70  per  cent  of  the 
total  acid  excretion  is  bound  by  fixed  base,  whereas  on  the  10th 
day  of  the  fast  fixed  base  is  used  to  the  extent  of  only  15  per  cent 
of  the  acid  claiming  excretion.     The  fixed  base  excretion  is  seen 
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to  decline  extensively  during  the  course  of  the  fasting  periods.  In 
agreement  with  the  considerations  which  have  been  presented 
regarding  the  factors  which  determine  the  availability  of  fixed  base 
during  fasting,  this  decline  is  well  shown  in  Fig.  3  to  be  at  first 
rapid  and  then  gradual.  The  much  larger  amounts  of  fixed  base 
entering  the  urine  during  the  first,  and^  to  less  degree,  dui'ing  the 
second,  period  of  A.G.'s  fast  than  subsequently  illustrate  effectively 
the  release  of  base,  in  addition  to  that  derived  from  destruction  of 
proto])lasni,  due  to  the  general  reduction  of  the  volume  of  bod}' 
water  which  is  almost  complete^  effected  during  the  early  part 
of  the  fast.  During  the  third,  fourth,  and  fifth  periods  of  the  fast 
the  base  being  derived  only  from  destroyed  protoplasm,  the 
amounts  entering  the  urine  diminish  gradually  with  reduction 
of  the  extent  of  protein  consumption  accompanying  the  slow  de- 
cline in  energy  expenditure.  The  effect  of  restoring  the  "glycogen 
factor"  is  strikingly  shown  by  the  almost  complete  disappearance 
of  fixed  base  from  the  urine  during  the  carbohydrate  after  period, 
fixed  base  from  destroyed  protoplasm  being  evidently  retained  to 
uphold  base  concentrations  in  a  rising  level  of  body  water.  These 
points  have  been  already  presented.  They  are  mentioned  here 
again  because  they  are  so  well  illustrated  in  Fig.  3.  The  control 
of  fixed  base  excretion  in  order  to  sustain  base  concentrations 
during  reestablishment  of  the  usual  volume  of  body  water  is  also 
excellently  illustrated  by  the  after  period  values  in  the  experiment 
with  F.  McH.  Here  (Table  XI  and  Fig.  4),  fixed  base  intake 
being  the  same  as  during  the  fore  period,  its  excretion  is  seen  to 
rise  gradually,  not  reaching  its  fore  period  value  (indicated  b}'  the 
dotted  line  across  the  diagram)  until  the  7th  day  of  the  after 
period. 

It  may  be  noted  hei-e  again  that  the  fixed  base  excretion  and  the 
inorganic  acid  excretion  are  both  determined  by  the  extent  to 
which  protoplasm  is  destroyed  and  the  volume  of  body  water  re- 
duced during  fasting.  To  illustrate  this  relationship,  the  points 
measuring  the  total  inorganic  acid  excretion  of  A.G.  in  Fig.  3 
have  been  transferred  to  the  diagram  on  the  right  and  connected 
])y  a  dotted  line,  which  it  will  l^e  seen  parallels  fairly  closely  the 
line  measuring  fixed  base  excretion.  Its  position  above  the  latter 
is  explained  by  the  fact  that  in  the  destruction  of  protoplasm  the 
release  of  H2SO4  and  H3PO4  from  protein,  produces  acid  in  excess  of 
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that  bound  by  fixed  base  in  the  cell  water.  This  excess  and  the 
total  organic  acid  excretion  constitute  the  value  which  must  be 
covered  by  the  two  factors  controlling  fixed  base  excretion. 

As  regards  the  cooperation  of  these  factors,  it  maj^  h»e  noted 
that  the  capacity  of  the  base  economy  factor  is  not  extensible 
beyond  the  value  which  can  be  obtained  by  secreting  urine  at  the 
physiological  limit  of  acidity.  The  increase  in  the  capacity  of  this 
factor  obtained  by  secreting  urine  at  pH  5.0  instead  of  at  the  usual 
average  reaction,  pH  6.0,  is  in  terms  of  the  total  acid  excretion,  rela- 
tively very  small. ^'-  Ammonia  being  presumably  derived  from  the 
neutral  end-product  of  protein  metabolism  urea,  a  wide  extension 
of  its  usual  value  would  seem  to  be  possible;  urea  N  constituting 
under  average  conditions  as  regards  diet  about  70  per  cent  and 
ammonia  N  5  to  10  per  cent  of  the  total  urine  N.  Under  usual 
circumstances  of  metabolism  the  ammonia  production  factor  is 
but  slightly  larger  than  base  economy,  the  average  value  for  the 
ratio  of  the  titratable  acidity  of  the  urine  and  the  ammonia  excre- 
tion being,  according  to  Henderson  and  Palmer  (11),  0.80.  The 
values  given  in  Tables  X,  XI,  and  XII  for  the  AiNHs  ratio  and 
also  for  the  "ammonia  coefficient"  (ammonia  N: total  N)  will 
satisfactorily  demonstrate  that  during  fasting  the  control  of 
fixed  base  excretion  is  chiefly  accomplished  by  a  very  unusual 
extension  of  the  ammonia  production  factor.  In  Table  XI  for 
instance  it  may  be  seen  that  the  AiNHs  ratio  falls  from  its  fore 
period  value  of  0.76  to  0.17  and  that  the  "ammonia  coefficient" 
rises  correspondingly  from  4  to  26  per  cent.  It  is  to  be  noted, 
however,  that  the  base  economy  factor  is  apparently  the  more 
alert  of  the  two,  extending  rapidly  to  its  full  capacity  as  indicated 
by  urinary  pH,  during  the  first  several  days  of  fasting.  This  point 
is  also  illustrated  by  a  rise  of  the  A :  NHs  ratio  above  unity  during 

1-  The  base  equivalence  of  phosphoric  acid  at  the  reaction  of  blood 
plasma,  pH  7.4,  is  1.8;  at  the  usual  reaction  of  urine,  pH  6.0,  it  is  1.12;  and 
in  acid  urine,  pH  5.0,  it  is  1.02.  For  derivation  of  these  data  see  foot-note 
13.  From  them  it  may  be  estimated  that  the  base  saving  in  the  elimination 
of  phosphoric  acid  in  urine  of  pH  6.0  is  38  per  cent  of  the  base  bound  by 
HPO4"  in  the  plasma  and  that  in  urine  of  pH  5.0  this  saving  is  increased 
only  to  43  per  cent. 

In  the  case  of  the  ketone  acids,  however,  the  greater  part  of  the  possible 
base  economy  (10  to  20  per  cent  of  their  equivalence)  is  obtained  bj'-  secre- 
tion of  urine  below  pH  6.0. 
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the  first  2  days  of  the  fast  of  D.  M.  (see  Table  XII).  Subse- 
quently it  will  be  noted  (see  Tables  X  and  XI)  that  there  occurs 
a  considerable  variation  of  pH  with  a  tendency  to  return  to  the 
average  usual  value  in  urine;  pH  6.0.  These  facts  indicate  that 
the  bulk  of  the  base  saving  is  a  result  of  the  greatly  increased 
ammonia  production  and  suggest  that  the  final  adjustment  of 
fixed  base  excretion  is  accomplished  by  elimination  of  acid  and 
alkaline  phosphate  in  appropriate  ratio.    Obviously,  the  1 : 1  ratio 


Fig.  6.  Presenting  graphically  the  measurements  of  the  factors  limiting 
the  excretion  of  fixed  base  during  a  10  day  fast  and  a  fore  and  after  period 
on  a  standard  diet.  Constructed  from  data  given  in  Tables  XI  and  XIII. 
The  measurements  of  ammonia  production  and  of  base  economy  ai'e  each 
laid  off  from  the  base  line.  Those  of  free  organic  acids  and  of  acid  phos- 
phate, which  together  constitute  base  economy,  are  superimposed. 


of  the  phosphates  which  obtains  at  pH  6.1  constitutes  the  ideal 
position  from  which  to  effect  a  control  of  base  eliminated  with 
phosphoric  acid.  In  illustration  of  this  conception  the  base 
economy  factor  may  be  described  as  the  "  fine  "  and  ammonia  pro- 
duction as  the  "coarse"  adjustment  of  this  regulatory  mechanism. 
To  further  indicate  the  relative  size  of  the  two  factors  during  the 
course  of  a  fasting  period,  the  daily  values  given  in  Table  XI  are 
presented  graphically  in  Fig.  6.  The  values  for  base  economy  and 
ammonia  production  are  here  not  superimposed  as  in  Figs.  3,  4,  and 
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5,  l)iit  arc  laid  off  separately  from  the  base  line.  The  value  for 
base  economj'  is,  however,  divided  to  indicate  the  extent  to  which 
it  is  due  to  the  excretion  of  acid  phosphate  (in  excess  of  the  ratio 
I  of  acid  to  alkaline  phosphate  in  the  plasma)  and  of  free  organic 
acids,  respectivelJ^  The  data  used  in  plotting  this  partition  of 
the  base  econom}-  factor  are  given  in  Table  XIII.^^  They  are 
presented  to  illustrate  the  fact  that  during  fasting  the  base  saving 
in  the  elimination  of  the  organic  acids,  owing  to  the  huge  quantity 
of  them  produced,  becomes  an  even  larger  value  than  the  saving 
effected  in  the  case  of  phosphoric  acid  in  contrast  with  its  rela- 
tively insignificant  size  under  normal  circumstances  of  metabolism. 

VI. 

Data  Illustrating  the  Separate  Control  of  Acid  and  of 
Base  Concentrations  in  the  Body  Fluids. 

In  the  diagram  (Fig.  1)  representing  the  acid-base  composition 
of  the  blood  plasma,  the  line  between  the  acid  and  base  values 
may  be  taken  as  representing  the  practically  complete  dissociation 

1'  This  partition  of  base  economj",  i.e.  the  separate  estimation  of  the  base 
saving  due  to  the  elimination  of  phosphoric  acid  chiefly  as  BH2PO4  and  to 
the  excretion  of  unbound  organic  acids,  was  accomplished  by  calculating 
the  former  value  on  the  basis  of  the  total  HPO4"  excretion  and  urinary  pH, 
and  then  subtracting  it  from  a  measurement  of  the  titratable  acidity  of  the 
urine,  the  remainder  being  taken  to  represent  free  organic  acids.  The 
base  equivalence  of  HPO4"  at  various  degrees  of  hydrogen  ion  concentration 

•DTT    pQ 

was  computed  from  Sorensen's  data,  establishing  the  ratio  which 

B2  HPO4 

obtains  for  a  given  pH.  For  example,  at  pH  7.4,  taking  (HPO4")  as  1.0, 
(BH2PO4)  is  0.2  and  (B2HPO4)  is  0.8.  The  base  (B')  bound  by  phosphoric 
acid  at  7.4  is  therefore  0.2  +  (0.8  X  2)  =  1.8  times  the  molecular  concen- 
tration of  HPO4".  Similarly,  at  pH  5.2  (BH2PO4)  is  0.98  and  (B2HPO4) 
is  0.02  and  the  base  equivalence  is  0.98  +  (0.02  X  2)  =  1.02.  To  illus- 
trate the  application  of  these  values:  on  the  4th  day  of  the  fast  of 
F.McH.  the  following  measurements  were  obtained  from  the  urine  specimen : 
pH  5.2,  HPO4"  176  cc.  of  0.1  m,  and  titratable  acidity  320  cc.  of  0.1  n.  From 
these  data  the  two  factors  in  base  economy  are  calculated  as  follows: 

176  X  1.8     =  316  cc.  0.1  n  B'  bound  by  HPO4"  at  pH  of  plasma. 

176  X  1.02  =  180  "    0.1  "  "       "        "  "        "     "    "  urine. 


136  "    0.1  "  base  economy  in  elimination  of  HP04". 
320  -  136    =  184  "    0.1  "       "        "  "  "  "      organic 


acidic 
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of  the  plasma  salts.  This  line  also  correctly  implies  that  the  acid 
values  may  vary  independently  of  the  total  base  concentra- 
tion. The  leveling  of  the  total  acid  value  with  that  of  base  by  means 
of  an  automatic  adjustability  of  the  concentration  of  (HCO3')  has 
been  described  in  Section  II ,  The  processes  of  acid-base  metabohsm 
are  thus  indicated  as  proceeding  in  terms  of  separately  controlled 

TABLE  XlVa. 

Acid-Base  Composition  of  a  48  Hour  Urine  Specimen   From  D.M.  While 

Taking  4  Gm.  NaCl  per  Day  with  a  Carbohydrate  Diet. 


Acids." 


CC.  0.1  N 

Organic  acid' 163 

PO4'" 77 

SO4" 142 

CI' 765 


Total 1,147 


NH4' 

CC.  0.1  N 

659 

Me"     .            

46 

Ca' 

43 

K' 

175 

Na" 

205 

Total 

1,128 

*  In  terms  of  base  bound  at  pH  5.7,  the  reaction  of  the  urine  specimen. 

TABLE  XlVb. 

Bicarbonate  and  Chloride  in  Plasvia  Before  and  After  Ingestion  of  NaCl. 


Before 
After . 


(BHCO3) 


(BCD 


am.  NaCl  per  1,000 

5.77 
5.70 


concentrations  of  ions.  The  data  to  be  presented  here  were  ob- 
tained with  the  purpose  of  illustrating  this  important,  though  per- 
haps obvious,  proposition  by  demonstrating  that  ingested  sodium 
chloride  is  used  not  as  NaCl  but  as  Na  and  CI'  according  to  the 
needs  of  their  separate  concentrations  in  the  body  fluids.  These 
data  consist  inmeasurementsrepresenting  completely  the  acid-base 
composition  of  a  48  hour  urine  specimen  obtained  from  D.  M. 
during  the  4th  and  5th  days  of  the  carbohydrate  period  following 
his  4  day  fast;  4  gm.  of  NaCl  per  day  being  ingested  during  these 
2  days.  The  NaCl  was  given  in  butter  spread  over  the  toast  of 
the  carbohydrate  ration  and  was  readily  taken.     The  measure- 
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mcnts  obtained  are  given  in  Table  XIV  and  are  also  presented 
graphically  in  Fig.  7.  Their  significance  is  interpreted  on  the  pre- 
mise that  a  large  loss  of  body  water  during  the  fast,  owing  to  gly- 
cogen consumption,  was  to  a  considerable  extent  regained  during 
the  period  of  carbohydrate  ingestion.     Supporting  this  assump- 
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Fig.  7.  Presenting  graph- 
ically the  acid-base  compo- 
sition of  a  48  hour  urine 
specimen  from  D.  M.  while 
taking  4  gm.  of  NaCl  per 
day  with  a  carbohydrate 
diet.  The  dotted  line  repre- 
sents the  sum  of  the  meas- 
urements of  base.  Con- 
structed from  data  given  in 
Table  XIV. 


tion  body  weight  measurements  showed 
a  loss  of  1,840  gm.  at  the  end  of  the  4 
day  fast  and  a  gain  of  915  gm.  during 
the  5  day  carbohydrate  period.  A 
demand  for  retention  of  the  inorganic 
constituents  of  the  body  fluids  durir^ 
the  carbohj'drate  period  in  order  to 
sustain  correct  concentrations  in  an 
expanding  volume  of  body  water  is 
inferred.  The  most  conspicuous  acid- 
base  values  in  the  blood  ])lasma  are 
(Na')  and  (CI').  The  average  usual 
concentrations  per  100  cc.  of  serum 
water  may  be  taken  as,  Na',  158  cc.  of 
0.1  N  and  Cr,  114  cc.  of  0.1  n.  Ac- 
cording to  Katz'  data  the  concentra- 
tions per  100  cc.  of  muscle  water  are, 
Na,  46  cc.  of  0.1  n  and  CI',  26  cc.  of 
0.1  N.  The  concentrations  of  Na'  in 
body  water,  are,  therefore,  indicated 
as  larger  than  those  of  CI',  and  need 
for  retention  of  more  Na'  than  CI' 
in  the  presence  of  an  increase  in  vol- 
ume may  be  postulated.  In  agree- 
ment with  these  considerations  the 
urine  specimen  collected  during  the  2 
days  that  NaCl  was  given,  along  with 
the  carbohydrate  intake,  was  found 
to  contain  very  much  more  of  CI'  than 
of  Na',  the  excretion  of  Na'  being  183 
cc.  of  0.1  N,  whereas  that  of  CI'  was 
732  cc.  of  0.1  n;  approximately  half  of 
the  1,380  cc.  of  0.1  n  CI'  ingested  (see 
Table  XIV) .     The  excretion  of  CI'  was 
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indeed  larger  than  the  total  fixed  base  excretion,  402  cc.  of  0.1  n, 
indicating  that  much  of  the  CI'  given  as  NaCl  entered  the  urine 
as  NH4CI,  leaving  Na'  to  bind  other  acids  in  the  body  fluids  (see 
Fig.  7).  With  an  increasing  volume  of  body  water  a  prominent 
value  in  need  of  support  is  bicarbonate.  These  data  from  the 
urine  indicate  quite  certainly  that,  under  the  circumstances  here 
present,  this  ingested  salt  of  a  strong  acid  has  contributed  base  to 
form  the  salt  of  a  weak  acid,  an  event  which  emphatically  demon- 
strates that  the  secretion  in  urine  of  the  salts  of  the  plasma 
is  controlled  in  terms  of  the  individual  ions. 

Measurements  of  bicarbonate  and  of  chlorides  in  the  plasma 
of  D.  M.  directly  before  and  following  the  2  days  of  NaCl  admin- 
istration are  also  given  in  Table  XIV.  It  will  be  seen  that  (CI') 
was  approximately  sustained  and  that  (BHCO3)  was  increased. 
This  increase  in  bicarbonate  is  superfluous  as  evidence  of  base 
contributed  from  NaCl.  A  stationary  value  for  (BHCO3)  in  the 
presence  of  an  increase  in  the  volume  of  body  water  would  serve 
as  well  to  indicate  an  absolute  increase  of  bicarbonate  in  the  body 
fluids. 

VII. 

Acid-Base  Values  in  the  Plas7na  during  Fasting. 

The  data  in  Section  V  indicate  a  careful  control  of  the  use  of 
fixed  base  in  the  process  of  acid  excretion.  The  extent  to  which 
this  regulation  of  fixed  base  excretion  prevents  alteration  of 
normal  acid-base  values  in  the  body  fluids  in  the  presence  of 
the  abnormal  circumstances  of  metabolism  which  obtain  during 
fasting  is  here  considered  on  the  basis  of  direct  measurements 
of  certain  values  in  the  plasma. 

Measurements  of  Bicarbonate  and  of  Total  Base  in  the  Plasma. — 
There  occurs  regularly  during  fasting  a  considerable  reduction 
of  the  plasma  bicarbonate  which  is  roughly  proportionate  to  the 
degree  of  ketone  acid  production.  At  the  height  of  ketosis  bicar- 
bonate is  found  to  be  reduced  by  at  least  one-third  of  its  usual 
value.  In  considering  the  cause  of  this  lowering  we  have  a  choice 
of  conjecture  based  on  the  outstanding  feature  of  acid-base  metab- 
olism during  fasting;  viz.,  the  huge  increase  in  the  excess  of  acid 
over  fixed  base  claiming  excretion  due  to  the  production  of  the 
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ketone  acids.     It  iiiaA'  reasonably  be  surmised  that  this  very 
abnormally  large  acid   production  will  overtax  the  mechanism 
coiitiollin.2;  fixed  base  excretion  witli  the  result  that  fixed  base 
concentrations  in  the  body  fiuids  will  be  depleted;  at  the  expense, 
as  has  been  explained  (Section  II),  of  bicarbonate.     This  is  the 
usually  assumed  cause  of  a  reduced  bicarbonate  in  the  presence 
of  ketosis.     The  data  given  in  Section  V  demonstrate,  however, 
a  wide  extensibilit}-  of  the  factors  controlling  fixed  base  excretion. 
^Moreover,  the  measurements  of  fixed  base  in  the  urine  were  found 
to  agree  fairly  closely  with  the  amounts  which  were    roughly- 
calculable  as  correctly  available  for  use  in  the    process   of   acid 
excretion  (Section  III).     A  depletion  of  base   concentrations  as 
the   cause   of  bicarbonate   lowering  should,   therefore,    not    be 
assumed  without  the  support  of  direct  evidence.     The  alternate 
explanation  of  the  bicarbonate  reduction  is  the  inference  that  the 
rapid  production  of  ketone  acids  will  lead  to  a  considerable  accu- 
mulation of  these  acids  in  the  plasma,  their  base  equivalence  being 
supplied  at  the  expense  of  the  normal  concentration  of  bicarbonate. 
The  validity  of  the  first  mentioned  explanation  of  the  bicarbonate 
lowering  during  fasting  may  bo  directly  tested  by  measuring  the 
total  base  of  the  plasma  in  the  presence  of  a  reduced  bicarbonate. 
In  Table  XV  are  given  measurements  of  total  base  in  blood  serum 
obtained  from  D.  M.  at  the  end  of  his  4  day  fast  and  after  2  days  of 
carbohydrate  ingestion.     The  values  for  total  base  consist  of  the 
sum  of  sei^arate  measurements  of  Na,  K,  Ca,  and  Mg.     The  table 
contains  corresponding  measurements  of  bicarbonate  in  the  serum, 
which  show  a  rather  high  value  at  the  beginning  of  the  fast,  a  more 
than  one-third  reduction  of  this  value  at  the  end  of  the  4  day  fast, 
and  a  return  to  about  the  usual  value  after  2  days  of  carbohydrate 
ingestion.     The  marked  degree  of  ketosis  which  developed  during 
the  fast  is  indicated  by  the  ketone  acid  excretion  for  the  4tli  day. 
The  values  found  for  total  base  are  seen  to  be  closely  stationary 
and  to  coincide  within  the  limit  of  error  in  obtaining  them  (taken 
as  ±  4  per  cent)  with  the  average  usual  value;  156  cc.of  0.1  n  per  100 
cc.  of  plasma.     It  is  thus  evident  that  the  reduction  of  bicarbonate 
in  this  instance  is  not  to  a  measurable  extent  referable  to  depletion 
of  plasma  base.     It  is  worth  noting,  from  the  point  of  view  of 
admiring  the  regulatory  mechanism  which  provides  these  station- 
avy  (Concentrations,  that  not  only  are  they  maintained  in  spite  of 
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j  an  at  first  rapidly  mounting  and  then  quickly  declining  excess  of 
I  acid  over  fixed  base  claiming  excretion,  but  also  in  the  presence  of 
/  a  large  shift  in  the  volume  of  body  water,  a  lowering  during  the 
fast,  followed  by  an  increase  when  carbohydrate  was  given.  An 
appreciation  of  the  alertness  of  the  control  of  fixed  base  excretion 
demanded  by  these  rapidly  changing  circumstances  may  be  ob- 
tained by  noting  the  wide  range  of  the  values  for  fixed  base  in 
the  urine  from  this  subject  plotted  in  Fig.  5.  Since,  as  these 
measurements  indicate,  the  lowering  of  bicarbonate  in  the  pres- 
ence of  ketosis  was  not  in  this  instance  caused  to  appreciable 
J  degree  by  a  reduction  of  total  base,  we  are  led  to  the  inference  that 
it  must  have  been  practically  entirely  a  consequence  of  an 
accumulation  of  ketone  acids  in  the  plasma.  If  this  be  the  case, 
following  ingestion  of  carbohydrate,  the  concentration  of  abnor- 
mal acids  in  the  plasma  should  disappear  and,  total  base  being 
intact,  bicarbonate  should  then  resume  its  usual  size.  The  meas- 
urement of  the  ketone  acid  excretion  on  the  2nd  day  of  the  car- 
])ohydrate  diet  indicates  an  almost  complete  disappearance  of 
these  acids,  and  the  corresponding  measurement  of  bicarbonate 
shows  it  restored  to  a  usual  value.  The  data  in  Table  XV  thus 
constitute  satisfactory  though  indirect  evidence  that  the  lowered 
bicarbonate  after  4  days  of  fasting  was  due,  apparently  entirely, 
to  a  concentration  of  ketone  acids  in  the  plasma. 

The  stationary  value  for  total  base  in  the  plasma  in  the  presence 
of  a  bicarbonate  lowering,  demonstrated  in  the  case  of  D.  M., 
is  of  considerable  physiological  significance.  It  may  be  noted  in 
Table  XII  and  Fig.  5  that  the  fixed  base  excretion,  although 
greatly  reduced  in  terms  of  the  total  acid  excretion,  nevertheless, 
represents  a  considerable  absolute  amount.  Assuming  that  65 
per  cent  of  the  body  weight  at  the  end  of  the  fast  may  be  taken 
as  a  measure  of  tlie  volume  of  body  water,  i.e.  in  this  case,  18.78 
kilos  X  0.65  =  12.2  liters;  the  reduction  of  base  available  for  binding 
carbonic  acid,  which  calculated  from  the  data  in  Table  XV  was 
12.3  cc.  of  0.1  N  per  100  cc,  could  have  been  covered  by  retention 
of  123  X  12.2  =  1,500  cc.  of  0.1  n  base.  The  amount  of  base 
which  was  permitted  to  enter  the  urine  during  the  4  days  of  fasting 
was  (see  Table  XII)  3,077  cc.  of  0.1  n,  double  the  amount  which,  if 
retained,  would  have  provided  a  normal  bicarbonate  in  the  body 
fluids.     It  will  be  at  once  apparent,  however,  that  compensation 
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in  this  manner  for  base  bound  in  the  plasma  by  Icctonc  acids  could 
not  be  effected  without  raising  total  base  above  its  usual  value. 
It  is  the  evidence  of  these  data  that  a  normal  total  base  is  not 
raised  in  behalf  of  a  lowered  bicarbonate.  An  accurate  mainten- 
ance of  total  base  is  thus  indicated  as  of  more  importance  physi- 
ologically than  a  stationary  concentration  of  bicarbonate.  That 
this  must  be  the  case  ma}-  be  inferred  from  the  close  dependence  of 
osmotic  pressure  values  in  the  body  fluids  on  the  size  of  total  base 
concentrations.  It  is  difficult  to  imagine  compensatory  arrange- 
ments which  could  sustain  these  values  correctly  in  the  presence 
of  any  considerable  alteration  of  total  base.  On  the  other  hand, 
in  the  case  of  the  relationship  of  the  bicarbonate  concentration 
to  the  control  of  reaction  in  the  body  fluids,  circulatory  and 
respiratory  adjustments  are  capable  of  compensating  correctly 
over  a  wide  range  of  bicarbonate  lowering.  It  may  be  noted  from 
the  above  considerations  that  the  mechanism  regulating  fixed 
base  excretion  does  not  operate  directly,  as  is  often  inferred,  in 
support  of  the  "alkali  reserve"  (bicarbonate)  of  the  plasma. 
Were  the  word  permissible  in  discussing  physiological  processes, 
the  relationship  of  the  control  of  fixed  base  excretion  to  the  size 
of  the  bicarbonate  concentration  might  be  described  as  incidental. 
Given  a  stationary  total  base,  l^icarbonate  is  determined  by  the 
sum  of  the  other  acid  values  in  the  plasma.  As  long  as  these 
remain  closely  constant  carbonic  acid  binds  a  fairly  steady  allot- 
ment of  base.  Under  circumstances,  however,  causing  extension 
of  a  normal  value^^  or  introducing  a  concentration  of  abnormal 
acid  the  plight  of  the  bicarbonate  concentration  is  apparently 
entirely  ignored  by  the  factors  which  determine  the  total  fixed  base 
content  of  the  plasma.  A  further  deduction  to  be  noted  from 
the  data  here  given  is  that  glucose  rather  than  bicarbonate  is 
indicated  as  the  logical  agent  in  the  treatment  of  acidosis  due  to 
non-diabetic  ketosis. 

In  Table  XVI  are  presented,  among  other  data,  measurements 
of  sodium  and  of  bicarbonate  in  blood  serum  obtained  from  A.  G., 

1^  In  a  recently  completed  study  of  the  effect  on  acid-base  values  in  the 
plasma  of  administering  CaCU,  NH4CI,  and  HCl  to  infants  with  tetany 
the  writers  (15,16)  found  that  these  substances  cause  a  large  extension  of  the 
Cr  concentration  in  the  plasma  without  appreciably  disturbing  total  base 
so  that  there  occurs  in  consequence  a  closely  proportionate  reduction  of 
bicarbonate. 
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before  her  fast,  at  the  end  of  3  day  intervals  during  the  15  day  fast, 
and  at  the  end  of  the  3  day  carbohydrate  after  period.  Since 
sodium  constitutes  about  92  per  cent  of  the  plasma  base,  measure- 
ments of  sodium  may  be  taken  as  fairly  closely  indicative  of  the 
size  of  the  total  base  concentration.  It  will  be  seen  in  the  table 
that  only  at  the  end  of  the  second  3  day  period  was  the  sodium 

TABLE  XVa. 
Fixed  Base  in  Blood  Plasma  from  D.M. 


End  of  4  day  fast. 

End  of  2  day  carbohydrate 
after  period. 

Na- 

327.0 
22.3 
10.3 

2.7 

CC.  0.1  N 

142.0 
5.7 
5.2 
2.3 

mg. 

329.0 

18.2 

10.3 

1.6 

CC.  0.1  N 

143.0 

K* 

4  7 

Ca" 

5.2 

Mg-- 

1.3 

Total 

155.2 

154.2 

Values  per  100  cc.  of  plasma. 

For  average  usual  values  see  foot-note  1.  p.  637. 

TABLE  xyb. 
Bicarbonate  and  Chloride  in  Plasma. 


(BHCO3) 


Before  fasting 

End  of  4  day  fast 

"     "  2    "     carbohydrate  after  period 


rol.  per  cent  CO'. 

66 
37 
00 


(BCD 


gm.  NaCl 
per  liter 

6.17 
5.07 

5.77 


TABLE  XVc. 
Ketone  Acids  in  Urine. 

4th  day  of  fast 5 .21  gm.  (as  iS-oxybutyric). 

2nd  day  of  after  period 0.12"       ("  "  ). 

measurement  (303  mg.  per  100  cc.)  definitely  below  the  value  (330 
mg.  per  100  cc.)  taken  as  average  normal.  The  measurements  of 
bicarbonate  during  the  fast,  especially  at  the  end  of  the  first  two 
periods,  show  a  very  considerable  i-eduction  of  the  initial  value 
and  a  recovery  of  even  more  than  this  value  after  3  da^'S  of  carbo- 
hydrate diet. 

Measurements  of  Ketone  Acids  in  the  Plas'tna. — The  concentration 
of  ketone  acids  was  determined   in  four  of  the  blood  samples 
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obtained  from  A.  G.  during  the  course  of  her  fast.  These  are 
contained  in  Table  XVI,  and  together  with  the  bicarbonate 
measurements  are  expressed  again  in  the  lower  part  of  the  table 
as  cc.  of  0.1  N  per  100  cc.  of  serum.  The  relationship  of  the 
bicarbonate  lowering  to  the  size  of  the  ketone  acid  concentration 
is  indicated  in  this  table  by  the  fact  that  the  sum  of  the  two 
concentrations  is  a  roughly  constant  value  of  about  the  magnitude 
of  the  values  for  bicarbonate  alone  before  the  fast,  and  at  the 
end  of  the  carbohydrate  after  period. 
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Fig.  8.  Presenting  graphically  the  measurements  of  the  concentrations 
of  chloride,  bicarbonate,  and  ketone  acids  (as  /3-oxybutyric)  given  in  Table 
XVI. 


Measurements  of  Chlorides  in  the  Plasma. — The  data  given  above 
indicate  that  the  reduction  of  bicarbonate  during  fasting  is  largely 
a  consequence  of  an  accumulation  of  ketone  acids  in  the  plasma. 
The  ketone  acid  concentration  does  not,  however,  alone  determine 
the  size  of  the  plasma  bicarbonate.  This  would  be  the  case  if 
total  base  and  other  acid  values  in  the  plasma  remained  unaltered. 
The  measurements  of  sodium  given  in  Table  XVI  indicate,  except 
in  two  instances,  an  at  least  approximately  stationary  value  for 
total  plasma  base.  They  do  not,  however,  dependably  demon- 
strate the  absence  of  a  slight  lowering.  It  is  conceivable,  and 
indeed  probable,  that  the  factors  controlling  fixed  base  excretion 
are  onh-  brought  fulh'  into  plaj^  by  a  fall  in  plasma  base  to  a  certain 
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critical  point.  It  is  the  cviilcncc  of  the  data  from  D.  M.  (Table 
XV)  that  if  such  a  lowering  occurs  it  is  a  small  factor  in  the  reduc- 
tion of  bicarbonate.  A  much  more  significant  event  from  the 
point  of  view  of  the  bicarbonate  concentration  is  a  considerable 
decline  during  fasting  of  the  largest  acid  value  in  the  plasma  (CI')- 
This  is  demonstrated  by  the  measurements  of  plasma  chlorides 
obtained  from  D.  M,  and  A.  G,  and  given  in  Tables  XV  and  XVI. 
Obviously,  if  total  base  in  the  plasma  be  approximately  sustained, 
reduction  of  (CI')  will  provide  a  larger  bicarbonate  than  could  be  the 
case  in  the  presence  of  a  usual  concentration  of  chloride.  From 
the  data  in  Table  XVI,  the  diagrams  in  Fig.  8,  giving  a  rough 
graphic  presentation  of  the  relationships  of  the  chief  acid  values 
in  the  plasma  during  the  course  of  the  experiment  with  A.  G., 
were  constructed.  The  measurements  of  bicarbonate,  ketone 
acids,  and  chlorides,  given  as  cc.  of  0.1  N  per  100  cc.  of  plasma,  are 
here  superimposed.  The  diagrams  will  clearlj^  illustrate  the  extent 
to  which  the  ketone  acid  concentration,  (B-K),  reduces  bicarbonate 
during  the  fasting  period.  The  size  of  the  contribution  to 
(BHCO3)  due  to  the  decline  of  (BCl)  is  shown  by  the  dotted  line 
crossing  the  diagrams  at  the  level  of  the  top  of  the  value  for  (BCl) 
obtained  before  the  fasting  period  began,  and  which  it  maj^  be 
noted  was  a  closely  average  value;  viz.,  6.03  gm.  of  NaCl  per  liter. 
The  portion  of  (BHCO3)  which  extends  below  this  dotted  line 
in  the  diagrams  may  be  taken  as  existing  by  grace  of  recession  of 
(BCl),  and  it  maj^  be  seen  that  during  the  latter  part  of  the  fasting 
period  nearly  half  of  the  base  bound  by  (HCO3')  was  at  the  outset 
of  the  fast  covered  by  (CI')-  These  diagrams  illustrate  again 
the  mendicant  position  of  (HCO3')  among  the  other  acid  values 
demanding  base  in  the  plasma. 

The  ch'cumstances  w^hich  cause  this  decrease  in  (BCl'),  which 
so  opportunely  augments  (BHCO3'),  are  not  apparent.  ]\Iay  it  be 
regarded  as  a  controlled  adjustment  in  favor  of  (BHCO3)  or  is  it 
simply  a  consequence  of  an  unavoidable  depletion  of  CI'  concen- 
trations in  the  body  water?  As  regards  the  latter  possibility  it 
may  be  pointed  out  again  that  CI'  being  presumabl}^  present  within 
the  body,  only  in  solution  in  the  body  water,  an  extremely  small 
amount  of  CI'  becomes  available  during  fasting  for  replacement  of  CI' 
entering  the  urine,  the  only  source  of  CI'  being  from  the  water  of 
destroyed  protoplasm,  where,  according  to  Katz'  muscle  tissue 
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measurement,  it  is  held  at  a  concentration  of  only  2(3  cc.  of  0.1  n 
per  100  cc.  as  compared  with  114  cc.  of  0.1  n  per  100  cc.  in  the  water 
of  blood  serum.  Phosphoric  acid  and  sulfuric  acid,  owing  to  their 
production  by  the  oxidation  of  protein,  are  much  more  abundantly 
supplied.  That  this  chief  acid  of  the  plasma  is  available  during 
fasting  to  a  very  limited  extent  is  indicated  by  the  fact  that  during 
the  course  of  a  fasting  period  the  urine  becomes  almost  chlorine- 
free  (see  Tables  X  and  XI  and  Figs.  3  and  4).  During  the  first 
several  daj^s  of  fasting  the  chloride  excretion  is  relatively  very 
large,  presumably  because  of  a  rapid  reduction  of  the  volume  of 
extracellular  water  (see  Fig.  2).  It  is  conceivable  that,  with  the 
subsequent  decline  of  ketosis,  the  level  of  gtycogen  content  in  the 
tissues  may  rise  and  tend  to  cause  an  increase  in  the  volume  of 
both  intra-  and  extracellular  water  in  proportion  to  the  proto- 
plasmic mass.  Under  such  circumstances  the  CI'  becoming  available 
from  destroyed  protoplasm  might  not  be  adequate  for  maintenance 
of  (BCr)  in  the  plasma.  As  regards  this  surmise  it  should  be  noted 
that  the  availabihty  of  Na"  during  fasting  is  almost  as  slender  as 
that  of  Cr,  and  yet  its  concentration  in  the  plasma  is  apparently 
successfully  sustained  (see  Tables  XV  and  XVI).  According  to 
Katz'  measurements  there  is,  however,  to  a  slight  degree  relatively 
less  of  cr  than  of  Na"  in  muscle  water,  as  compared  with  serum 
water ;  the  Cr:Na'  ratio  being  0.57  as  compared  with  0.72  in  the 
case  of  serum  water.  Although  they  do  not  provide  basis  for  a 
clear  inference  on  this  point  the  following  CI' :  Na'  ratios  obtained 
from  the  urines  collected  from  these  children  during  the  early 
periods  of  their  fasts  may  be  presented;  A.  G.,  first  6  days  of  fast, 
0.G3;  D.  M.,  4  days  of  fasting,  0.65;  M.  C,  first  4  days  of  fast,  0.54. 
It  will  be  seen  that  the  first  two  of  these  ratios  lie  between  those 
given  for  CI': Na'  in  the  plasma  and  in  muscle  water  and  suggest 
a  correct  control  of  CI'  elimination  during  the  period  of  rapid 
reduction  of  the  volume  of  body  water.  The  chlorides  of  the 
plasma,  nevertheless,  fell  during  these  periods,  in  the  case  of 
A.  G.  from  6.03  to  5.62  gm.  as  NaCl  per  liter,  and  of  D.  M.,  from 
0.17  to  5.07  gm.  The  ratios  in  the  urine  for  the  remainder  of  the 
fasts  of  A.  G.,  and  of  M.  C.  are  1.60  and  0.84,  respectively,  sug- 
gesting a  wastage  of  CI'.  The  absolute  amounts  of  Na*  and  CI' 
entering  the  urine  during  these  periods  are,  however,  so  small 
that  an  inference  drawn  from  their  ratio  is  scarcely  dependable. 
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On  the  whole  these  data  would  seem  to  constitute  at  least  negative 
evidence  against  the  surmise  that  the  decline  of  (BCF)  in  the  plasma 
is  due  to  a  failure  of  control  of  CI'  elimination. 

It  is  a  permissible  conjecture  that  the  lowering  of  (BCl)  in  the 
plasma  may  be  due  to  an  alteration  of  the  distribution  of  CI'  in  the 
body  water.  This  possibility  is  indicated  b}^  the  mobility  of 
CV  in  the  blood  (Zuntz's  phenomenon)  in  contrast  with  the 
permanently  extracellular  position  of  its  chief  companion  ion  Na'.  ] 

The  fact  that  a  rise  in  the  (BCl)  of  the  plasma  was  observed  to  \ 

occur  following  carbohydrate  ingestion  ver}-  definitely  suggests 
the  probability^  that  the  reduced  (BCl)  during  fasting  is  due  to  an 
altered  distri])ution  rather  than  to  an  absolute  depiction  of  tlic 
CI'  content  of  the  body  water.  In  the  case  of  A.  G.  the  plasma 
chlorides  at  the  end  of  the  15  day  fast  were  5.30  gm.  per  liter 
(as  NaCl).  After  3  days  of  carbohydrate  diet  the}^  were  found  to 
be  5.90  gm.  Corresponding  values  obtained  from  D.  M.  were 
5.07  gm.  after  3  days  of  fasting,  and  5.77  gm.  after  2  days  of  car- 
bohydrate ingestion.  Obviously,  this  rise  of  (BCl)  in  the  plasma 
is  not  concordant  with  an  explanation  of  the  previous  lowering 
on  the  basis  of  an  absolute  depletion  of  (CI').  Moreover,  it  was 
found  that  during  the  carbohydrate  after  periods  much  more 
CT  than  Xa'  was  excreted  in  the  urine,  the  CT  :Na'  ratios  for  these 
periods  being  2.8  and  3.3  in  the  case  of  A.  G.  and  of  D.  M.,  re- 
spectively; the  ratio  increasing  when  NaCl  was  added  to  the  diet 
of  D.  M.  to  4.0.  These  data  suggest  that  contrary  to  the  impres- 
sion obtained  from  the  measurements  of  (Na)  and  (CI')  in  the 
plasma  the  body's  store  of  CI'  is  better  conserved  during  fasting 
than  is  its  content  of  Na". 

VIII. 
SUMMARY. 

The  total  fixed  base  concentration  may  be  regarded  from  a  purely 
structural  point  of  view  as  the  most  important  value  in  the  body 
fluids.  A  correct  ionic  concentration  is  closely  deperident  on 
the  maintenance  of  a  usual  concentration  of  fixed  base,  and  hydro- 
gen ion  concentration  is  also,  but  more  flexibly,  in  relationship 
with  this  value.  In  this  study  preservation  of  an  approximately 
stationaiy  concentration  of  fixed  base  is  taken  as  the  chief  adjust- 
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ment  of  the  processes  of  acid-base  metabolism.  The  premise  is 
used  that  the  concentrations  of  fixed  base  in  various  compartments 
of  bod}^  water  are  roughlj^  of  the  same  size  as  may  be  measured  in 
blood  plasma.  A  few  data  supporting  this  surmise  are  cited  in 
Section    II. 

Regarding  fixed  base  (except  in  the  case  of  calcium)  as  entirely 
in  solution  at  a  uniform  concentration  in  body  water,  the  extent 
to  which  it  may  be  used  correctly  in  the  process  of  acid  excretion 
during  fasting  will  be  determined  by  the  degree  of  reduction  of  the 
volume  of  bod^^  water.  Body  water  is  lost  during  fasting  in 
consequence  of  two  events,  the  destruction  of  protoplasm  with 
release  of  its  water  content  and  a  reduction  in  tissue  glycogen  caus- 
ing a  decrease  in  cell  volume.  Supporting  this  very  simple  con- 
ception of  the  source  of  available  fixed  base  during  fasting,  cal- 
culated values  for  fixed  base  claiming  excretion  in  consequence  of 
the  reduction  of  the  volume  of  bodj^  water  are  found  to  agree 
satisfactorily  with  the  amounts  of  fixed  base  measured  in  the  urine 
when  allowance  is  made  for  calcium  in  the  urine  estimated  as 
from  calcium  deposits.  These  data  (Section  III)  explain  the 
source  of  fixed  base  used  in  the  process  of  acid  excretion  during 
fasting  without  the  necessity  of  hypothecating  the  existence  in 
the  body  of  "base  depots"  except  in  the  case  of  calcium.  They 
cannot,  however,  be  taken  as  of  a  precision  to  permit  the  inference 
that  there  is  no  appreciable  variation  in  the  distribution  of  total 
fixed  base  in  the  bodj^  water.  Attempt  is  also  made  in  Section  III 
to  evaluate  the  factors  of  bod,y  water  excretion  on  the  basis  of 
measurements  of  sodium  and  potassium  in  the  urine.  The  rough 
data  obtained  serve  to  illustrate  the  possibility  of  using  such 
measurements  as  a  means  of  studying  changes  in  the  volume  of 
body  water. 

The  excretion  of  inorganic  acids  during  fasting  is  composed  of 
the  acid  radicles  contained  in  the  lost  body  water  and  in  addition 
those  derived  by  oxidation  from  protein.  The  inorganic  acid 
excretion  is  also  closely  proportional  to  the  excretion  of  organic 
acids  by  reason  of  an  approximately  stationary  ratio  of  protoplasm 
destroyed  to  body  fat  consumed  (Section  IV). 

The  factors  which  control  the  use  of  fixed  base  in  the  process  of 
acid  excretion  and  thereby  sustain  base  concentrations  in  the  body 
fluids  are  described,  and  their  operation  during  fasting  is  illus- 
trated in  quantitative  terms  in  Section  V. 


694  Metabolism  of  Fixed  Base 

That  the  concentration  of  fixed  base  in  the  body  fluids  may  be 
regarded  as  a  structural  entity  is  indicated  by  the  data  given  in 
Section  VI,  demonstrating  a  separate  control  of  the  excretion  of 
Na'  and  of  CI'  in  the  urine  following  ingestion  of  NaCl. 

Measurements  of  base  in  the  plasma  during  fasting  (Section  VII) 
demonstrate  that  the  factors  controlling  fixed  base  excretion  sus- 
tain an  approximately  correct  concentration.  The  reduction  of 
the  plasma  bicarbonate  is  to  be  practically  entirely  referred  to  an 
accunuilation  of  ketone  acids.  It  is  to  be  noted  that  total  base 
in  the  plasma  in  not  raised  above  its  usual  value  in  behalf 
of  a  lowered  bicarbonate.  A  very  considerable  decrease  in  the 
concentration  CI'  in  the  plasma  was  observed  to  occur  during  the 
course  of  periods  of  fasting.  A  large  part  of  the  concentration  of 
bicarbonate  found  in  the  plasma  during  fasting  is  due  to  this 
recession  of  (CI'). 

Chemical  Methods  Used. 

Sodium,  potassium,  calcium,  and  magnesium  were  determined  in  blood 
serum  and  in  urine  by  the  methods  of  Kramer  and  Tisdall  (17).  For  chlo- 
rides in  blood  serum  a  combination  of  Van  Slyke's  plan  of  precipitating 
the  protein  Mith  picric  acid  and  Volhard's  thiocyanate  titration  was  used. 
This  unpublished  procedure  was  devised  by  D.  W.  Atchley  and  is  essentially 
the  same  as  that  recently  described  by  Myers  and  Short  (18).  Bicarbonate 
in  the  serum  was  determined  by  Van  Slyke's  method  (19),  and  Van  Slyke's 
procedure  (20)  for  measuring  the  ketone  acids  in  the  serum  was  also  used.. 
Serum  protein  was  estimated  on  the  basis  of  refractometric  readings.  The 
pH  and  titratable  acidity  of  the  urine  were  determined  by  the  methods  of 
Palmer  and  Henderson  (21).  The  total  organic  acid  excretion  in  the  urine 
was  measured  by  the  titration  procedure  devised  by  Van  Slyke  and  Palmer 
(22).  The  values  found  were  corrected  for  creatinine  and  creatine  on  the 
basis  of  measurements  of  these  substances  by  the  method  of  Folin  (23). 
Ketone  acids  were  measured  either  by  the  method  of  Shaffer  and  Marriott 
(24)  or  that  of  Van  Slyke  (25),  the  urine  samples  being  first  thoroughly 
aerated  with  the  purpose  of  removing  acetone.  Urine  phosphates  (inor- 
ganic) were  determined  by  the  uranium  acetate  titration  method  and 
urine  sulfates  (inorganic)  were  weighed  as  barium  sulfate  according  to  the 
method  of  Folin.  Ammonia  was  determined  in  the  urine  by  the  method  of 
Folin  and  MacCallum  (26)  and  urine  nitrogen  by  the  usual  Kjeldahl  method. 

The  urine  was  collected  in  all  of  the  experiments  as  24  hour  specimens, 
and  the  measurements  of  pH,  titratable  acidity,  total  organic  acids, 
ammonia,  creatinine,  and  creatine  were  obtained  during  the  day  following 
the  collection  period.  Chloroform  was  used  as  a  preservative  and  the  bottle 
receiving  the  urine  was  stoppered  and  shaken  after  the  addition  of  each 
voiding. 
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The  blood  plasma  values  given  in  this  paper  were,  in  most  instances, 
measurements  obtained  from  samples  of  blood  serum.  Only  those  of 
bicarbonate  and  of  chlorides  in  Tables  XIV  and  XV  are  from  the  plasma  of 
oxalated  blood.  "Plasma,"  being  for  the  purposes  of  discussion  the  more 
suitable  term,  is  used  throughout,  and  the  very  slight  error  contained  in  the 
assumption  that  plasma  values  may  be  measured  in  serum  samples  is 
neglected.  The  blood  samples  were  in  all  instances  collected  in  a  Luer 
syringe  and  then  delivered,  through  small  bore  glass  tubing,  at  the  bottom 
of  a  15  cc.  centrifuge  tube.  The  tube  was  rapidly  j^Zied  to  the  top  and  immed- 
iately stoppered.  Loss  of  CO2  is,  we  have  found,  quite  as  efficaciously 
prevented  by  this  method  of  collection  as  by  delivering  the  blood  under  a 
layer  of  oil. 
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STUDIES  IN  THE  SYNTHESIS  OF  HIPPURIC  ACID  IN  THE 
ANIMAL  ORGANISM. 

VI.     THE  INFLUENCE  OF  THE  PROTEIN   OF  THE  DIET  ON  THE 
SYNTHESIS  AND  RATE   OF  ELIMINATION  OF  HIPPURIC 
ACID  AFTER  THE  ADMINISTRATION  OF 
BENZOATES. 

By  V/ENDELL  H.  GRIFFITH  axd  HOWARD  B.  LEWIS. 

{From  the  Laboratory  of  Physiological  Che^nistry  of  the  University  of 
Michigan,  Ann  Arbor.) 

(Received  for  publication,  July  26,  1923.) 

In  a  previous  paper  (1)  it  was  shown  that  the  rate  of  synthesis 
of  hippuric  acid  in  rabbits  after  benzoate  feeding  was  markedly 
increased  by  the  simultaneous  administration  of  glycine  with 
the  benzoate  but  was  not  affected  bj'  the  administration  of  alanine, 
leucine,  nor-leucine,  isovaline,  cystine,  or  aspartic  acid.  It 
was  concluded  that  the  increased  output  of  hippuric  acid  after 
the  ingestion  of  benzoate  and  glycine  was  due  to  the  presence  in  ' 
the  organism  of  large  quantities  of  preformed  glycine.  Since 
there  was  no  increase  after  the  feeding  of  these  other  amino- 
acids,  the  latter  were  not  considered  to  be  readily  available 
precursors  of  glycine.  If  these  amino-acids  were  typical  in  this 
respect,  then  the  feeding  of  proteins  with  the  sodium  benzoate 
should  increase  the  hippuric  acid  excretion  in  proportion  to  the 
glycine  content  of  the  proteins.  Experiments  in  support  of  this 
conclusion  are  reported  in  this  paper. 

That  the  hippuric  acid  output  after  benzoate  administration 
is  affected  by  the  protein  intake  has  been  both  affirmed  and  denied. 
Parker  and  Lusk  (2)  observed  no  change  in  the  hippuric  acid 
excretion  of  rabbits  after  feeding  l^enzoate  alone  and  benzoate 
with  4  to  10  gm.  of  casein  or  gelatin.  However,  these  investiga- 
tors used  the  24  hour  output  of  hippuric  acid  as  a  measure  of 
hippuric  acid  S3mthesis,  a  procedure  which  would  not  detect 
changes  in  the  rate  of  synthesis.     The  latter  has  been  shown  to 
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vary  decidedly  with  the  amount  of  available  glj^cinc  present  (1). 
Ringer  (3)  found  that  fasting  rabbits  formed  hippuric  acid  as 
readily  as  normal  rabbits  but  Magnus-Levy  (4)  came  to  the 
opposite  conclusion.  Raiziss  and  Dubin  (5)  reported  that, 
following  the  ingestion  of  bcnzoate,  rabbits  excreted  more  hip- 
puric acid  on  a  milk  and  egg  diet  than  on  a  vegetable  diet.  They 
believed  that  a  high  protein  level  favored  the  sj^nthcsis  of  hip- 
puric acid. 

The  ingestion  of  proteins  high  in  glycine  content  with  Ijenzoate 
might  readily  increase  the  rate  of  synthesis  of  hippuric  acid  be- 
cause of  their  preformed  glycine  content.  However,  if  proteins 
low  in  glycine  increased  the  rate  of  synthesis  of  hippuric  acid,  it 
would  appear  that  precusors  of  glycine  were  produced  by  the 
reactions  occurring  in  the  general  metabolism  of  proteins.  Cer- 
tain individual  amino-acids,  such  as  alanine  or  leucine,  evidently 
are  not  easily  converted  into  glycine  (1).  The  ingestion  of  pro- 
teins of  varied  amino-acid  content  would  give,  an  opportunity 
to  determine  the  importance  for  glj^cine  sj'^nthesis  of  other  amino- 
acids  than  those  previously  studied  and  in  addition  the  effect  of 
increasing  the  level  of  general  protein  metabolism. 

EXPERIMENTAL. 

The  procedure  used  in  these  experiments  was  the  same  as  that 
employed  in  the  earlier  experiments  with  individual  amino-acids 
(1).  Rabbits  were  fed  benzoate  alone  and  benzoate  with  pro- 
tein and  the  elimination  of  hippuric  acid  in  the  following  6  hour 
period  was  determined.  It  has  already  been  demonstrated 
that  the  rate  of  excretion  of  hippuric  acid  following  the  adminis- 
tration of  moderate  amounts  of  benzoate  is  a  measure  of  the  rate 
of  the  synthesis  of  hippuric  acid  and  that  this  rate  is  directly 
influenced  by  the  supply  of  glycine  available  for  synthesis. 

In  view  of  the  fact  that  the  rate  of  digestion  of  different  pro- 
teins might  introduce  a  variable  factor,  the  proteins  were  hydro- 
lyzed  in  vitro  with  pepsin  and  then  with  trypsin  for  2  to  3  weeks. 
This  had  the  added  advantage  of  converting  the  insoluble  pro- 
teins into  soluble  hydrolytic  products  which  were  easily  fed. 
Digests  of  gelatin,  casein,  edestin,  dried  egg  albumen,  elastin, 
glutenin,  and  peanut  meal  were  prepared.     The  gelatin,  casein. 
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and  egg  albumen  were  commercial  products.  The  edestin,  glu- 
tenin,  and  peanut  meal  were  prepared  in  this  laboratory.  The 
elastin  preparation  was  made  by  grinding  a  fresh  ligamentum 
nuchse  from  the  ox  and  subjecting  this  material  to  enzjTnatic 
hj'drolysis.  Its  protein  content  was  calculated  from  the  data  of 
Vandegrift  and  Gies  '(6).  In  addition  to  these  proteins  a  com- 
mercial peptone  preparation  was  also  used.     The  glycine  content 

TABLE  I. 
Glycine  Content  of  the  Various  Proteins  Fed.* 


Protein. 

Glycine. 

Elastin  

per  cent 

25.8 

Gelatin 

25. 5t 

Edestin 

3.8 

Glutenin  

0.9 

Peptone  (Witte's) 

0.8 

Casein 

0 

Egg  albumin 

0 

Arachin  (peanut) 

ot 

*  Except  where  noted  the  figures  are  quoted  from  the  compilation  given 
by  Plimmer,  R.  H.  A.,  Chemical  constitution  of  the  proteins.  Part  I, 
London,  3rd  edition,  1917,  111  to  135. 

t  Dakin,  H.  D.,  J.  Biol.  Chem.,  1920,  xliv,  499. 

J  Johns,  C.  O.,  and  Jones,  D.  B.,  J.  Biol.  Chem.,  1918,  xxxvi,  491. 


of  these  substances  is  shown  in  Table  I.  Inasmuch  as  the  methods 
for  the  quantitative  estimation  of  glycine  are  inadequate,  these 
figures  must  be  considered  as  minimal  and  comparative  only. 

Free  benzoic  acid  was  determined  by  the  method  of  Raiziss 
and  Dubin  (7)  and  total  benzoic  acid  by  the  method  of  Kings- 
bury and  Swanson  (8).  Hippmic  acid  or  combined  benzoic 
acid  was  calculated  by  subtracting  the  free  benzoic  from  the  total 
benzoic  acid.  The  rabbit  conjugates  moderate  doses  of  benzoic 
acid  almost  entirely  as  benzoyl  glycine,  benzoyl  gh^curonate 
being  present  in  traces  only,  if  at  all.  In  Tables  II  and  III, 
corrections  have  been  made  for  the  daily  normal  excretion  of 
hippuric  acid,  so  that  the  figures  represent  extra  free  and  com- 
bined benzoic  acid.  The  quantity  of  hydrolyzed  protein  ad- 
ministered with  the  benzoate  was  equivalent  to  5.0  gm.  of  the 
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original  protein.  This  quantity  has  approximately  the  same 
nitrogen  content  as  3.5  to  4  gm.  of  glycine,  which  amount  was 
three  molecular  equivalents  of  the  benzoate  fed. 

DISCUSSION. 

The  results  of  the  experiments  on  eight  of  the  nine  rabbits 
tabulated  in  Table  II  show  strikingly  that  gelatin  and  elastin, 
the  two  proteins  characterized  by  a  high  glycine  content,  were  the 
only  proteins  which  noticeably  increased  the  rate  of  synthesis 
of  hippuric  acid  when  administered  with  benzoate.  Attention 
should  be  called  to  the  fact  that  this  same  effect  was  obtained 
with  gelatin  as  well  as  with  hydrolyzed  gelatin.  No  noticeable 
difference  between  the  two  in  their  effect  on  the  rate  of  synthesis 
of  hippuric  acid  could  be  observed.  For  example,  in  the  6  horn- 
period  after  the  ingestion  of  benzoate  alone,  Rabbit  46  (Table  II) 
excreted  41  per  cent  as  hippuric  acid;  after  benzoate  and  glycine, 
76  per  cent;  and  after  benzoate  and  gelatin,  71  per  cent.  On  the 
other  hand,  after  the  ingestion  of  casein  and  peptone  with  ben- 
zoate, only  40  and  45  per  cent,  respective^,  were  excreted  as 
hippuric  acid. 

The  results  with  Rabbit  40  (Table  II)  are  particularly  inter- 
esting because  it  was  possible  to  complete  the  whole  series  of 
experiments  on  this  animal.  After  the  feeding  of  gelatin,  elastin, 
and  glycine  with  benzoate,  this  rabbit  excreted  64,  75,  and  74 
per  cent,  respectively,  as  hippuric  acid.  After  the  administra- 
tion of  benzoate  with  casein,  edestin,  glutenin,  peanut  meal,  egg 
albumen,  and  peptone,  all  glycine-poor  proteins,  the  hippuric 
acid  output  was  practically  the  same  as  after  the  ingestion  of 
benzoate  alone,  47  to  51  per  cent.  That  the  increased  synthesis 
of  hippuric  acid  was  due  to  the  glycine  content  of  the  elastin 
and  gelatin  was  demonstrated  by  the  experiment  in  which  the 
quantity  of  glycine  present  in  5.0  gm.  of  gelatin  (about  1  mol) 
was  substituted  in  place  of  an  equivalent  amount  of  nitrogen  in  a 
protein  containing  no  glycine.  This  gave  a  mixture  approxi- 
mately equal  to  gelatin  or  elastin  in  its  content  of  nitrogen  and 
of  glj'cine.  Thus,  5.0  gm.  of  egg  albumen  with  benzoate  had  no 
effect,  while  4,0  gm.  of  the  same  protein  plus  only  f  mol  of  glycine 
produced  a  marked  increase  in  the  hippuric  acid  output. 
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TABLE  II. 

Excretion  of  Free  Benzoic  Acid  and  of  Hippuric  Acid  (Calculated  as  Combined 

Benzoic)  in  the  6  Hour  Period  Following  the  Oral  Administration  of, 

Sodium  Benzoate  Alone,  of  Sodium  Benzoate  with  Glycine, 

and  of  Sodium  Benzoate  with  Proteins,  Both  Native 

and  Hydrolyzed. 


Benzoic  acid. 

Excreted. 

Date. 

-6 

Notes. 

d) 

■n 

JS 

^ 

QQ 

— 

o 
^ 

o 

Rabbit  45. 


19g3 

kg. 

am. 

om. 

per 
cent  of 
intake 

gm. 

Jan.    17 

1.9 

0.094 

0.605 

32 

1.9    Control. 

"      20 

1.9 

0.005 

1.290 

68 

1.9   5.0  gm.  gelatin. 

"      23 

1.9  0.045 

1.003 

53 

1.9'  5.0    "     nutrose. 

"      26 

1.9  0.078 

1.202 

63 

1.9}  5.0    "     casein  (hydrolyzed). 

u      31* 

1.7  0.110  0.821 

43 

1.9|  5.0    "         "       (          "          ). 

Rabbit  46. 

Jan.    20 

2.20.0051.513 

76 

2.0 

Glycine  (2  equivalents). 

"      23 

2.20.006  1.419 

71 

2.0 

5.0  gm.  gelatin. 

"      25 

2.2'0.078'0.815 

41 

2.0 

Control. 

"      27 

2.2  0.053  0.793 

40 

2.0 

5.0  gm.  casein  (hydrolyzed). 

Feb.     3 

2.20.0120.908 

45 

2.0 

5.0    "     peptone. 

6 

2.20.0021.511 

76 

2.0 

5.0    "     gelatin  (hydrolyzed). 

Rabbit  47. 


Jan. 


Feb. 


20 
23 
25 

27 
2 

14 
16 

21 


2.2  0.078  0.803 
2.20.001  1.484 
2. 2|0. 074  0.903 
2.2  0.074|0.778 
2.2  0.022  0.843 
2. 2'o.  126,1. 050 
2.2  0.276  0.565 

2.2  0.4821.089 


24    2.2 


0.3181.258 


Mar.  10   12.0  0.067  0.794 


40 

2.0 

74 

2.0 

45 

2.0 

39 

2.0 

42 

2.0 

53 

2.0 

28 

2.0 

54 

2.0 

63 

2.0 

40 

2.0 

Glycine  (2 equivalents). 

5.0  gm.  gelatin. 

Control. 

5.0  gm.  casein  (hj-drolyzed). 

5.0    " 

5.0    "     gelatin  (hydrolyzed). 

4.4  "  casein  (hydrolyzed).  Benzoate 
administered  3|  hrs.  after  casein. 

5.0  gm.  gelatin  (hydrolyzed).  Benzoate 
injected  intravenousl}^  1  hr.  after 
gelatin. 

Glycine  (3  equivalents).  Benzoate  in- 
jected intravenously. 

Control. 


Rabl)it  was  fasted  for  3  days  preceding  this  experiment. 
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TABLE  11— Continued. 


Date. 


Benzoic  acid. 


Excreted. 


Notes. 


Rabbit  40. 


W2S 

hj. 

am. 

gm. 

per 
cent  of 
intake 

am. 

Mar.  24 

2.0 

0.028 

0.850 

47 

1.8 

Control. 

Apr.   11 

2.1 

0.002 

1.128 

64 

1.8 

5.0  gm.  gelatin. 

"      13 

0.002 

1.020 

57 

1.8 

5.0    "     casein  (hydrolyzed). 

May  12 

2.1 

0.050 

0.897 

50 

1.8 

5.0    "     edestin  (hydrolyzed). 

June     6 

2.1 

0.090 

0.741 

41 

1.8 

5.0    "     glutenin  (hydrolyzed). 

8 

2.2 

0.063 

1.358 

75 

1.8 

5.0    "     elastin  (hydrolyzed). 

"      11 

2.2 

0.210 

0.805 

45 

1.8 

5.0    "     peanut  meal  (hydrolyzed). 

«      15 

2.3 

0.037 

0.883 

49 

1.8 

5.0    "     egg  albumen  (hydrolyzed). 

«      17 

2.3 

0.000 

1.325 

74 

1.8 

Glycine  (3  equivalents). 

*'      19 

2.3 

0.011 

1.226 

68 

1.8 

4.0  gm.  egg  albumen  (hydrol3^zed) 
glycine  (0.75  equivalent). 

and 

"      22 

2.2 

0.051 

0.943 

52 

1.8 

5.0  gm.  casein  (hydrolyzed). 

"      24 

2.2 

0.005 

0.924 

51 

1.8 

Control. 

"      26 

2.2 

0.011 

1.017 

56 

1.8 

5.0  gm.  peptone. 

"      28 

2.2 

0.000 

1.270 

71 

1.8 

5.0    "     elastin    (hydrolyzed)    and 
cine  (2  equivalents). 

giy- 

July     It 

2.2 

0.000 

0.888 

49 

1.8 

100  cc.  milk-egg-sugar  mixture. 

3t 

2.1 

0.000 

0.842 

47 

1.8 

Fasting. 

4 

2.0 

0.000'0.721 

40 

1.8 

<( 

6 

1.9  0.000  0.655 

36 

1.8 

« 

"      14§ 

2.10.000  0.845 

47 

1.8 

Milk-egg -sugar  mi.xture. 

Rabbit  54. 


June  21 
"      23 


1.5  0.000  0.855 
1.5  0.0181.207 


47 
67 


1.8 
1.8 


Control. 

4.0  gm.  elastin  (hydrolyzed). 


t  For  2  days  preceding  this  experiment  the  rabbit  was  fed  daily  a  mixture 
containing  200  cc.  of  milk,  20  gm.  of  sucrose,  and  1  egg. 

X  Rabbit  was  fasted  from  July  2  to  7. 

§  On  the  day  previous  to  this,  the  rabbit  received  200  cc.  of  milk,  20  gm. 
of  glucose,  and  1  egg.  On  the  experimental  day  the  rabbit  was  fed  a  mix- 
ture of  100  cc.  of  milk,  20  gm.  of  glucose,  and  2  eggs  in  two  equal  portions; 
the  first,  3  hours  before  the  benzoate  administration,  and  the  second  with 
the  benzoate. 
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TABLE  II — Concluded 


Benzoic  acid. 

Excreted. 

Date. 

-d 

Notes. 

^ 

S 

t5 

M 

^ 

"m 

c 

1 

1 

a 

a 

Rabbit  54 — Concluded. 


1923 

June  25 

"      27 
"      30 

July     2 


kg. 

gm. 

am. 

per 
cent  of 
intake 

gm. 

1.5  0.090 

0.981 

54 

1.8 

1.5  0.136 

0.932 

52 

1.8 

1.50.005 

1.131 

63 

1.8 

1.6  0.024 

1.385 

77 

1.8 

1.6 

0.057 

0.755 

42 

1.8 

4.0  gm.  edestin  (hydrolyzed). 

4.0    "     casein  (hydrolyzed). 

2.0    "         «       (       «  )  and  glycine 

(0.9  equivalent). 
Glycine  (4  equivalents). 
5.0  gm.  egg  albumen  (hydrolyzed). 


Rabbit  55. 


June  20 
"  22 
"      23 


2.5 

0.000 

0.888 

49 

1.8 

2.5 

0.011 

1.105 

62 

1.8 

2.4 

0.057 

1.251 

70 

1.8 

Control. 

Glycine  (4  equivalents). 

5.0  gm.  elastin  (hydrolj^zed). 


Rabbit  56. 


June  20 

2.4 

0.011 

0.678 

34 

2.0 

"      22 

2.4 

0.024 

1.200 

60 

2.0 

"      23 

2.4 

0.162 

1.127 

56 

2.0 

"      25 

2.5 

0.063 

0.873 

44 

2.0 

"      28 

2.5 

0.142 

0.798 

40 

2.0 

"      30 

0.000 

1.095 

55 

2.0 

July     3 

2.6 

0.057 

0.881 

44 

2.0 

Control. 

Glycine  (3  equivalents). 
5.0  gm.  elastin   (hydrolyzed). 
5.0    "     glutenin   (hydrolyzed). 
5.0    "     casein   (hydrolyzed). 
4.0    "     glutenin  (hydrolyzed)  and  gly- 
cine (0.8  equivalent). 
5.0  gm.  egg  albumen   (hydrolyzed). 


Rabbit  57. 


June  25 
"      30 

July     2 


2.7 

0.000 

0.700 

35 

2.0 

2.6 

0.052 

1.100 

55 

2.0 

2.6 

0.184 

0.761 

38 

2.0 

Control. 

4.0  gm.  peanut  meal  (hydrol3'zed)  and 

glycine  (0.8  equivalent). 
5.0  gm.  peanut  meal  (hj-drolyzed). 


Rabbit  62. 


July     9 

2.0 

0.000 

0.937 

52 

1.8 

Glycine  (3  equivalents). 

"       10 

1.9 

0.040 

0.620 

34 

1.8 

Control. 

"      11 

1.8 

0.017 

0.764 

42 

1.8 

5.0  gm.  edestin  (hydrolyzed). 

"      18 

0.046 

0.911 

51 

1.8 

4.0     "              u            (            a               ) 

cine  (0.8  equivalent). 

and  gly- 
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In  our  earlier  experiments  (1)  it  was  found  that  usually  3 
niols  of  gtycine  produced  the  maximum  increase  in  the  hippuric 
acid  output,  smaller  amounts  very  often  being  without  effect, 
and  larger  quantities  being  without  any  additional  effect.  Both 
of  these  points  are  illustrated  in  the  present  series  of  experiments. 
In  the  case  of  Rabbit  47  (Table  II),  2  mols  of  glycine  were 
insufficient  whereas  3  mols  produced  the  chai-acteristic  increase. 
On  the  other  hand,  while  both  glycine  and  elastin  markedly  in- 
creased the  hippuric  acid  output  of  Rabbit  40  (Table  II),  no 
greater  increase  was  observed  when  the  glycine  and  elastin  were 
fed  together.  In  these  experiments  with  proteins,  less  than  1 
mol  of  glycine  was  enough  to  increase  the  hippuric  acid  output 
provided  a  large  excess  of  other  amino-acids  was  present  in  the 
organism.  These  other  amino-acids  seemed  to  aid  by  sparing 
the  preformed  glycine  ingested  and  not  necessarily  by  giving 
rise  to  precursors  of  new  glycine.  In  no  case  was  the  increase  in 
the  glycine  eliminated  in  conjugation  with  benzoic  acid  greater 
than  the  quantity  of  glycine  fed.  Even  with  the  ingestion  of 
only  f  mol  of  glycine  as  in  the  egg  albumen  experiment  cited 
above,  more  glycine  was  administered  than  was  excreted  as 
benzoyl  glycine  in  the  6  hour  period. 

It  is  important  to  note  that  at  widely  separated  intervals 
and  after  manj^  administrations  of  benzoate  there  was  no  ap- 
preciable change  in  the  quantity  of  hippuric  acid  excreted  after 
the  ingestion  of  benzoate  alone.  On  March  24,  Rabbit  40 
detoxicated  47  per  cent  of  the  ingested  benzoate  in  the  6  hour 
period  and  on  June  24,  51  per  cent.  Similarly,  Rabbit  47 
detoxicated  39  per  cent  on  January  27,  and  40  per  cent  on 
March  10. 

The  results  of  the  experiments  with  the  other  annuals  of  the 
series  were  similar  to  those  already  discussed  in  detail  with  the 
exception  of  Rabbit  45  (Table  II).  This  animal  showed  an  in- 
creased hippuric  acid  output  in  one  experiment  with  hydrolyzed 
casein  and  a  less  marked  increase  in  one  experiment  with  un- 
digested nutrose  (conmiercial  sodium  caseinate).  However, 
after  3  days  of  fasting,  casein  feeding  did  not  cause  an  increased 
hippuric  acid  output.  At  the  time  of  the  administration  of 
benzoate  alone,  this  rabbit  was  in  poor  condition  and  the  ben- 
zoate  produced  very   severe    toxic   effects.     Unfortunately,   the 
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rabbit  was  not  available  for  a  second  control  feeding  of  benzoate. 
The  relatively  small  synthesis  of  hippuric  acid  after  the  first 
benzoate  administration  may  have  been  due  to  the  toxic  symp- 
toms produced.  The  results  of  the  ingestion  of  casein  and  ben- 
zoate in  eight  experiments  on  five  other  rabbits  failed  to  show 
any  marked  differences  from  those  of  the  ingestion  of  benzoate 
alone. 

Raiziss  and  Dubin  (5)  reported  that  rabbits  fed  200  cc.  of 
milk,  20  gm.  of  sucrose,  and  1  egg  per  day  showed  an  increased 
hippuric  acid  output  after  benzoate  administration.  Rabbit  40 
(Table  II)  was  given  this  diet  for  2  days  and  on  the  3rd  day  was 
given  benzoate  with  half  of  the  above  diet.  The  benzoate  ex- 
creted as  hippuric  acid  in  this  experiment  was  the  same  as  that 
after  benzoate  feeding  on  normal  days.  Later  this  experunent 
was  repeated  with  a  still  higher  protein  intake.  On  the  experi- 
mental day  the  rabbit  received  one-half  of  a  mixture  of  100  cc. 
of  milk,  20  gm.  of  glucose,  and  2  eggs,  3  hours  before  the  ben- 
zoate administration  and  the  remainder  at  the  same  time  as  the 
benzoate  administration.  As  before,  there  was  no  increase 
above  the  percentage  after  benzoate  on  normal  daj's.  This 
experiment  allowed  a  tinie  interval  of  almost  9  hours  for  the  in- 
gested protein,  which  was  low  in  glycine,  to  give  rise  to  precursors, 
of  gl3^cine.  A  similar  experunent  was  performed  with  Rabbit  47. 
Benzoate  was  fed  3^  hours  after  4.4  gm.  of  casein.  In  this  case 
also  the  longer  period  failed  to  result  in  an  increased  hippuric 
acid  synthesis. 

Rabbit  40  (Table  II)  was  fasted  for  5  days  and  during  this 
period  the  percentage  of  ingested  benzoate  excreted  as  hippuric 
acid  in  6  hom-s  decreased  from  47  to  36  per  cent.  This  result 
could  not  be  confirmed  with  another  rabbit.  The  study  of  the 
effect  of  fasting  on  the  rate  of  synthesis  of  hippuric  acid  is  being 
continued. 

In  order  to  afford  further  evidence  concerning  the  influence  of 
proteins  and  the  level  of  protein  metabolism  on  the  rate  of  syn- 
thesis of  hippuric  acid,  the  effect  of  the  administration  of  thyroid 
was  studied.  The  ingestion  of  thyroid  is  generally  considered  to 
result  in  an  increased  protein  metabolism  and  it  was  considered 
that  the  increased  protein  catabolism  occasioned  by  the  thja-oid 
might  result  in  a  stimulation  of  hippm-ic  acid  synthesis,  either 


706         Proteins  and  Hippuric  Acid  Synthesis 

directly  by  the  liberation  of  greater  amounts  of  glycine  from 
the  tissues,  or  indirectly  by  mass  action  of  protein  catabolites. 
The  thyroid  (Armour's  desiccated)  was  fed  in  daily  doses  of  0.6 
and  1.0  gm.     The  ingestion  of  thyroid  (Table  III)  by  two  rabbits 


TABLE  III. 

Effect  of  Thyroid  Feeding  on  the  Excretion  of  Free  Benzoic  Acid  and  of 

Hippuric  Acid  (Calculated  as  Combined  Benzoic)  in  the  6  Hour 

Period  Following  the  Oral  Administration  of  Sodium 

Benzoate. 


Date. 


Weight. 


Benzoic  acid. 


Excreted. 


Free. 


Combined. 


Ingested. 


Thyroid 
powder  fed. 


Rabbit  54.     Diet :  250  cc.  of  milk  per  day. 


l9gS 

fcy. 

am. 

am. 

per  cent  of 
intake 

am. 

am. 

June  21 

1.50 

0.000 

0.855 

47 

1.8 

None. 

July     7 

1.65 

None. 

(< 

8 

1.65 

0.023 

0.779 

43 

1.8 

0.6 

9 

1.65 

None. 

0.6 

"      10 

1.60 

it 

0.6 

"      11 

1.45 

0.017 

1.051 

58 

1.8 

0.6 

"      12 

1.40 

None. 

0.6 

«      13 

1.35 

0.017 

1.243 

69 

1.8 

0.6 

"      16 

1.30 

0.058 

0.860 

48 

1.8 

None. 

Rabbit  40.     Diet :  250  cc.  of  milk  per  day. 


Mar.  24 

2.00 

0.028 

0.850 

47 

1.8 

None. 

June  24 

2.20 

0.005 

0.924 

51 

1.8 

i( 

July  15 

2.15 

None. 

1.0 

"      16 

2.05 

0.000 

0.150 

64 

1.8 

1.0 

«      17 

2.00 

None. 

1.0 

"      18 

1.90 

0.000 

0.159 

64 

1.8 

1.0 

"      19 

1.90 

None. 

None. 

"      20 

1.80 

ie 

it 

''      21 

1.80 

0.029 

0.938 

52 

1.8 

it 

resulted  in  an  increase  in  the  6  hour  output  of  hippuric  acid  after 
the  ingestion  of  benzoate.  In  both  animals,  administration  of  the 
benzoate  3  days  after  the  cessation  of  the  thyroid  feeding  showed 
a  return  to  the  original  (control)  rate  of  synthesis.     Further  experi- 
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ments  on  the  effect  of  thyroid  are  in  progress  and  will  be  reported 
later  as  will  the  nitrogen  eliminations  of  the  present  series. 

The  experiments  reported  in  this  paper  have  been  in  confirma- 
tion of  our  earlier  work  (1).  They  indicate  that^  under  the  con- 
ditions of  these  experiments  at  least,  the  main  factor  which  limits 
the  rate  of  synthesis  and  elimination  of  hippuric  acid  is  the  amount 
of  prefoi-med  glycine  available  in  the  organism.  If  the  metab- 
olism of  protein  in  general  results  in  the  formation  of  glycine 
precursoi's  or  of  glycine  itself,  this  effect  was  not  manifested 
under  the  conditions  of  our  experiments.  The  ingestion  of 
proteins  which  had  a  low  content  in  preformed  glycine  almost 
uniformly  failed  to  influence  the  synthesis  of  hippuric  acid. 

SUMMARY. 

1.  The  rate  of  synthesis  of  hippuric  acid  in  rabbits  was  markedly 
increased  after  the  oral  administration  of  sodium  benzoate  with 
hydrolyzed  elastin  and  gelatin,  proteins  which  have  a  high  con- 
tent of  preformed  glycine. 

2.  The  administration  of  peptone  and  of  hydrolyzed  edestin 
and  glutenin,  which  have  a  low  content  of  glycine,  and  of  hydro- 
lyzed casein,  egg  albumen,  and  peanut  meal,  which  are  almost 
entirely  lacking  in  glycine,  did  not  increase  the  rate  of  synthesis 
of  hippmic  acid  after  benzoate  feeding. 

3.  The  administration  of  small  amounts  of  glycine  with  hydro- 
lyzed casein,  edestin,  egg  albmnen,  glutenin,  and  peanut  meal 
did  cause  an  increase  in  the  rate  of  synthesis  of  hippuric  acid 
after  the  ingestion  of  benzoate. 

4.  It  is  considered  improbable  that  the  ordinary  reactions  of 
general  protein  metabolism  produced  readily  available  precur- 
sors of  glycine. 
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THE  PREPARATION  OF  INSULIN. 

By  C.  H.  best  a.vd  D.  A.  SCOTT. 

(From  the  Insulin  Division  of  the  Connaught  Antitoxin  Laboratories, 
University  of  Toronto,  Toronto,  Canada.) 

(Received  for  publication,  July  26,  1923.) 

When  the  Insulin  Committee  suggested  that  we  should  report  on  the 
recent  progress  in  the  preparation  of  insulin  an  extensive  review  of  the 
history  of  pancreatic  extracts  was  at  first  contemplated.  Macleod  (1), 
Dale  (2),  and  others,  however,  have  recentlj^  reviewed  certain  parts  of  the 
literature,  and  since  a  stud}'  of  that  portion  of  this  literature  which  de- 
scribes the  preparation  of  the  extracts  shows  that  many  of  them  are  of 
minor  significance  in  the  present  connection,  we  have  decided  to  refer 
only  to  those  investigators  whose  work,  in  our  opinion,  led  them  very 
near  to  the  solution  of  the  problem. 

Zuelzer  (3),  a  German  investigator,  was  one  of  the  early  workers  in  this 
field.  He  prepared  extracts  from  pancreas  in  several  ways,  one  of  which 
is  as  follows :  The  pancreas  was  minced  and  sufficient  sodium  bicarbonate 
was  added  to  produce  a  weak  alkaline  reaction.  The  mixture  was  then 
left  to  autolyze  for  several  days.  (This  procedure  in  our  experience  results 
in  a  great  loss  of  potency  of  the  material.  Zuelzer  stated,  however,  that 
this  step  might  be  omitted.)  The  liquid  was  then  pr.essed  out  and  alcohol 
added  until  no  more  albuminous  substances  were  precipitated.  When  the 
solution  was  free  from  albumin,  it  was  filtered  and  concentrated  in  a 
vacuum  still.  The  final  product  obtained,  Zuelzer  says,  was  a  fine,  dry, 
gray  powder.  This  powder,  he  states,  was  easily  soluble  in  water  or 
dilute  alkali ;  was  free  from  ferments ;  and  gave  none  of  the  known  protein 
reactions.  Insulin,  as  we  know  it  at  present,  is  less  stable  in  alkaline  than 
in  acid  solution.  The  purest  preparation  we  have  as  yet  obtained  from 
mammalian  pancreas  gives  a  positive  biuret  reaction. 

Zuelzer  tested  his  preparation  by  determining  to  what  extent  it  anti- 
doted  the  hyperglycemia  and  glucosuria  caused  by  administration  of 
epinephrine.  Von  Fiirth  and  Schwarz  (4)  and  others  have  reported  that 
many  other  substances  counteract  the  effect  of  epinephrine. 

Zuelzer's  extract  was  administered  to  several  diabetic  patients,  and 
in  certain  of  these  cases  was  partially  successful,  in  his  own  hands,  in 
alleviating  the  symptoms  of  diabetes.  In  the  hands  of  others  (Forsch- 
bach,  5),  however,  the  toxic  effects  overshadowed  the  beneficial  action 
to  such  an  extent  that  further  treatment  was  abandoned. 
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Although  Zuelzer  nearly  discovered  in  1908  the  active  pancreatic 
principle  which  we  call  insulin,  his  work  in  the  light  of  subsequent  events 
must  be  considered  an  abandoned  research. 

E.  L.  Scott  (6),  working  on  the  hypothesis  that  later  was  independentlj'^ 
formulated  by  Banting,  narrowly  missed  demonstrating  in  1912  the  internal 
secretion  of  the  pancreas.  He  was  unable  to  secure  complete  atrophy  of 
the  acinous  cells  of  the  pancreas  in  dogs,  after  attempting  to  ligate  the 
pancreatic  ducts.  He  did  not  report  the  effect  of  administration  of  extract 
of  this  partially  atroj^hied  gland.  Scott  also  tried  to  extract  the  internal 
secretion  b.v  means  of  alcohol,  but  in  his  endeavor  to  inhibit  the  action  of 
the  external  secretion,  he  raised  the  concentration  of  alcohol  to  such  a 
height  that  a  large  proportion  of  the  active  principle  was  undoubtedly 
never  extracted  from  the  gland.  The  alcoholic  extract  obtained  from  the 
gland  was  concentrated  in  vacuo  and  the  residue  extracted  with  ether. 
The  ether  extract  was  discarded.  The  residue  was  dissolved  in  95  per 
cent  alcohol.  Since  insulin  from  mammalian  pancreas  is  only  slightly 
soluble  in  alcohol  of  this  concentration,  Scott  could  have  had  very  little 
of  the  active  substance  in  his  final  extract.  In  the  preparation  of  watery 
extracts  Scott  used  a  preliminary  alcoholic  extraction.  The  concentration 
of  alcohol  was  approximate!}' 85  per  cent  for  the  first  extraction  of  the  glands. 
At  this  concentration  a  part  of  the  insulin  would  go  into  solution.  This 
was  evidently  discarded.  A  large  part  of  the  active  substance  would  be 
left  behind,  however,  and  should  have  been  present  in  the  second  extract 
w'hich  was  obtained  by  treating  the  glands  with  water.  Possibly  one 
reason  why  better  effects  were  not  obtained  with  this  material  was  that 
an  inhibiting  substance  which  is  at  least  partially  precipitated  by  80  per 
cent  alcohol,  must  have  been  present  in  large  amounts  in  the  watery 
extracts. 

Rennie  and  Fraser  (7)  in  1907  studied  the  effects  on  diabetic  patients 
of  the  oral  administration  of  the  principal  islets  of  certain  bony  fishes. 
In  one  case  these  investigators  administered  a  saline  extract  of  islet  tissue 
by  subcutaneous  injection.  No  beneficial  influence  on  the  symptoms  of 
diabetes  was  observed.  Since  insulin  in  a  purified  form  has  not  as  yet 
been  administered  successfully  by  mouth,  we  have  not  far  to  look  for  the 
cause  of  failure  of  those  experiments  in  which  the  crude  islet  tissue  was 
orally  administered.  The  subcutaneous  injection  of  the  extract  of  the 
islet  tissue  produced  very  profound  symptoms  of  toxicity. 

Knowlton  and  Starling  (8)  hazarded  the  opinion  that  the  pancreatic 
hormone  "would  be  a  body  diffusible,  soluble  in  water,  unstable  in  alkaline 
solution,  but  more  staljle  in  slightly  acid  solution,  and  not  destroyed  im- 
mediately at  the  temperature  of  boiling  water."  It  is  interesting  to  note 
that  these  speculations  (with  the  exception  of  that  one  relating  to  the 
diffusibility  of  the  substance)  are  correct.  We  have  not  as  yet  obtained 
a  preparation  which  dialyzes  through  parchment.  The  diffusibility  of 
the  active  principle  is  a  property  which  has  to  be  retested  every  time  a 
purer  preparation  is  obtained.  We  have  carried  out  the  procedure  used 
by  these  investigartors  in  the  preparation  of  their  extract,  and  have  demon- 
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strated  the  presence  of  insulin  in  the  resulting  mixture.  The  tests  are 
much  more  conclusive,  however,  if  the  crude  extract  so  obtained  is  purified 
in  any  one  of  the  several  ways  which  we  will  attempt  to  outline  in  the 
body  of  this  paper.  The  work  of  Knowlton  and  Starling  (8)  and  of  Pat- 
terson and  Starling  (9)  has  been  reviewed  in  several  communications  by 
the  Toronto  group  (10).  We  merely  wish  to  point  out  here  that  had  these 
investigators  used  criteria  other  than  the  change  in  sugar  consumption  of 
the  perfused  mammalian  heart  to  determine  the  potency  of  their  material, 
more  encouraging  results  might  have  been  obtained. 

Murlin  and  Kramer  (11)  in  1913,  prepared  alkaline  extracts  of  pancreas. 
The  administration  of  this  extract  reduced  the  degree  of  glycosuria  in 
diabetic  dogs.  It  was  discovered,  however,  that  this  effect  was  produced 
by  the  administration  of  alkali  alone.  With  the  exception  of  experiments 
in  which  the  respiratory  quotients  of  several  diabetic  animals  were  studied, 
no  further  work  was  reported  by  Murlin  and  his  collaborators,  until  after 
the  publication  of  the  initial  experiments  of  the  Toronto  investigators. 

Kleiner  (12)  showed  that  the  administration  to  diabetic  dogs  of  un- 
filtered  watery  extracts  of  fresh  pancreas  which  had  been  diluted  with 
0.90  per  cent  sodium  chloride,  usually  resulted  in  a  marked  decrease  in 
blood  sugar.  A  decrease  in  the  amount  of  sugar  excreted  in  the  urine 
accompanied  the  reduction  of  the  blood  sugar  level.  Kleiner  suggested 
that  the  diminished  excretion  of  sugar  might  be  partly  due  to  the  toxic 
renal  effects.  Kleiner's  experiment  was  repeated  and  confirmed  by  Banting 
and  Best  (10).     Anuria  was  observed,  however,  in  the  experimental  animal. 

Very  significant  results  have  been  obtained  by  a  group  of  workers  who 
have  attempted  to  demonstrate  in  blood  or  in  pancreatic  perfusates  a 
substance  necessary  for  the  proper  combustion  of  carbohydrates  in  the 
body.  The  most  important  of  these  contributions  are  those  of  A.  H. 
Clark  (13),  Lepine  (14),  Drennan  (15),  Hedon  (16),  Foi*schbach  (17),  and 
Murlin  and  Kramer  (11).  Since  we  contemplate  reporting  on  the  demon- 
stration of  insulin  in  blood,  a  review  of  the  work  of  these  investigators 
will  perhaps  be  more  advantageously  included  in  that  communication. 

Preparation  of  Earlier  Extracts. 

In  July,  1921  (10),  extracts  were  prepared  in  the  Department  of  Physi- 
ology of  the  University  of  Toronto,  which  were  shown  to  contain  the  in- 
ternal secretion  of  the  pancreas.  In  the  preparation  of  this  extract  the 
degenerated  pancreas  was  removed  from  dogs  10  weeks  after  ligation  of  the 
pancreatic  ducts.  The  gland  was  obtained  as  soon  as  possible  after  the 
death  of  the  animal  and  was  sliced  into  a  chilled  mortar  containing  Ringer's 
solution.  The  mortar  was  placed  in  a  freezing  mixture  and  the  contents 
were  partially  frozen.  Sand  was  added  and  the  tissue  was  completely 
pulverized.  The  temperature  of  the  contents  of  the  mortar  was  then 
raised  and  the  resulting  liquid  filtered  through  paper.  The  filtrate  was 
administered  intravenously  to  diabetic  dogs.  The  results  of  the  injection 
of  this  material  have  been  published  (10).     Extracts  were  prepared   by 
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this  simple  procedure  from  the  normal  pancreas  of  the  dog  and  from  fetal 
calf  pancreas.  The  normal  pancreas  did  not  yield  as  much  of  the  active 
principle  per  gram  of  tissue  as  did  the  degenerated  gland.  The  pancreas 
of  the  fetal  calf,  however,  provided  comparatively  large  quantities  of  the 
substance.  It  would  be  interesting  to  compare  the  amounts  of  active 
material  obtainable  from  these  sources,  if  the  tissues  were  treated  with 
a  high  acid  extractive,  as  in  our  present  procedure.  This  causes  the  im- 
mediate inactivation  of  proteoh'tic  enzymes  and  a  comparatively  efficient 
extraction  of  the  active  principle. 

Banting  and  Best  (18)  prepared  active  extracts  from  the  normal  pan- 
creas of  the  ox  by  extraction  of  the  gland  with  alcohol,  which  had  been 
made  acid  by  the  addition  of  0.2  per  cent  hydrochloric  acid.  The  con- 
centration of  alcohol  in  the  mixture  was  in  some  cases  as  high  as  60  per 
cent.  The  liquid  was  removed  from  the  glands  bj^  filtration  and  the 
filtrate  evaporated  either  in  porcelain  dishes  placed  in  a  warm  air  current 
or  by  means  of  a  laboratory  vacuum  still.  The  liquid  was  usually  evapo- 
rated so  that  from  5  to  10  cc.  contained  one  dose  for  a  depancreatized  dog. 
This  material  was  administered  to  several  diabetic  dogs.  One  animal,  in 
particular.  Dog  33,  which  lived  70  days  after  pancreatectomy,  received 
many  injections  of  this  preparation.  Rigid  aseptic  precautions  were  not 
observed  in  the  administration  of  the  extract  to  this  animal.  However, 
so  long  as  daily  doses  of  active  material  were  administered  there  was  little 
or  no  suppuration  at  the  sites  of  injection.  Numerous  abscesses  developed 
when  insulin  was  omitted.  These  disappeared,  however,  when  the  treat- 
ment was  resumed.  The  improvement  in  the  clinical  condition  of  the 
animals  receiving  this  material  was  very  marked.  The  respiratory  quo- 
tients of  completel}-  diabetic  dogs  were  definitely  raised  and  large  amounts 
of  glycogen^  were  deposited  in  the  livers  of  the  animals  when  glucose  and 
insulin,  which  had  been  prepared  by  the  above  procedure,  were  admin- 
istered. In  some  cases  the  filtrate  referred  to  was  evaporated  to  dryness 
and  the  residue  extracted  with  toluene  to  remove  the  lipoid  material. 
This  procedure  caused  no  loss  in  potencj'.  These  investigators  were  able 
to  demonstrate  that  the  active  principle  contained  in  this  residue  loas  prac- 
tically insoluble  in  95  per  cent  ethyl  alcohol.  They  treated  an  aliquot  portion 
of  the  dried  residue  with  95  per  cent  alcohol.  The  mixture  was  filtered 
and  the  filtrate  evaporated.  The  residue  was  dissolved  in  saline  solution. 
Administration  of  this  solution  produced  no  effect  upon  the  blood  or 
urinary  sugar  of  a  depancreatized  dog.  A  saline  solution  of  the  material 
which  did  not  dissolve  in  95  per  cent  alcohol,  however,  definitely  lowered 
the  blood  sugar  and  diminished  the  sugar  excretion  of  the  same  animal. 
A  watery  solution  of  this  material  was  passed  through  a  Berkefeld  filter, 
but  a  considerable  loss  of  potency  was  observed.  Tricresol  in  excess  of 
that  amount  used  as  a  preservative  in  biological  products,  such  as  diph- 
theria antitoxin,  did  not  injure  the  active  substance.  Material  prepared  by 
these  investigators  from  beef  pancreas  was  administered  to  several  diabetic 

1  Tr.  Roy.  Soc.  Canada,  1922,  xvi,  fi. 
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patients  in  the  clinic  of  the  Toronto  General  Hospital.  A  decrease  in  blood 
sugar  and  a  lowered  sugar  excretion  resulted.  A  certain  degree  of  local 
irritation  was  observed  in  some  of  the  cases.  This  was  probabl}'  due  to  the 
high  percentage  of  protein  present  in  the  extract.  The  results  of  these  ex- 
periments showed  that  insulin  could  be  derived  from  a  readily  available 
source — beef  pancreas;  that  a  preparation  could  be  secured  from  this  source 
which  was  efficient  in  completely  removing  the  symptoms  of  diabetes  from 
depancreatized  animals;  and  that  these  results,  as  far  as  the  effects  on 
hyperglycemia  and  glucosuria  were  concerned,  could  be  duplicated  in  the 
clinic.     The  practical  application  of  the  results  was  ver}-  evident. 

A  method  for  the  further  purification  of  insulin  was  evolved  prin- 
cipally by  J.  B.  Collip  who  joined  forces  with  the  discoverers  of  insulin 
in  December,  1921.  This  method  has  been  reported  (19).  The  details 
are  brief!}"  as  follows :  95  per  cent  alcohol  was  added  to  freshly  minced 
pancreas  so  that  the  volumes  of  extractive  and  glands  were  approximately 
equal.  After  an  interval  of  a  few  hours,  during  which  the  mixture  was 
stirred,  the  liquid  was  filtered  off.  95  per  cent  alcohol  was  added  to  the 
filtrate  to  secure  a  concentration  of  approximately  80  per  cent  alcohol. 
The  mixture  was  then  filtered  and  the  filtrate  concentrated  in  vacuo.  The 
vacuum  was  secured  by  the  use  of  a  laboratory  water  pump.  When  the 
liquid  had  been  concentrated  to  a  small  volume  the  lipoid  substances  were 
removed  by  extraction  with  ether.  The  watery  solution  was  then  further 
concentrated  to  a  pasty  consistenc3\  This  material  was  treated  with 
80  per  cent  alcohol  and  the  mixture  centrifuged.  The  active  principle  was 
found  to  be  contained  entirely  in  the  alcohol  which  formed  the  upper- 
most laj'er  in  the  centrifuge  tube.  The  alcoholic  solution  was  removed 
and  was  added  to  several  volumes  of  95  per  cent  or  absolute  alcohol.  The 
active  principle,  as  mentioned  above,  was  practically  insoluble  in  alcohol 
of  this  concentration.  The  precipitate  obtained  by  the  above  procedure 
was  removed  by  a  Buchner  filtration,  dissolved  in  distilled  water,  and 
concentrated  to  remove  traces  of  alcohol  and  to  secure  the  desired  con- 
centration of  active  substance.  The  preliminary  clinical  effects  of  this 
preparation  have  been  reported  (20).  This  method  of  purification  worked 
out  satisfactorily,  for  a  short  time,  on  a  small  scale.  Larger  scale  experi- 
ments were  not  successful  and  subsequently  it  was  found  impossible  to 
duplicate  consistently  the  earlier  results  on  any  scale.  For  a  period  of 
2  months  scarcely  any  insulin  was  available.  A  method  was  then  evolved, 
however,  in  this  laboratory,  with  the  assistance  of  various  members  of  the 
Toronto  group,  which  utilized  the  facts  reported  by  Banting  and  Best 
and  many  of  the  details  of  Collip's  procedure.  The  method  gave  con- 
sistent results,  and  furnished  all  the  insulin  used  in  Toronto  for  clinical 
and  experimental  work  for  a  period  of  3  months  prior  to  the  beginning  of 
collaboration  with  Eli  Lilly  and  Company.  This  method  was  as  follows : 
Minced  pancreas  was  extracted  with  an  equal  volume  of  95  per  cent  acetone. 
A  small  amount  of  formic  or  acetic  acid  was  added.  Collip  had  previously 
found  formic  acid  advantageous.  The  concentration  never  exceeded 
0.1  per  cent.     (Higher  acid  was  first  used  in  this  laboratory  as  a  result  of 
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a  conversation  with  II.  II.  Dale,  in  which  the  acidity-  of  the  extractive  was 
discussed.)  The  pancreas  acetone  mixture  was  allowed  to  stand  for  several 
hours  and  was  then  filtered.  The  filtrate  was  placed  in  enamel  lined  trays 
(500  cc.  to  each  tray  measuring  18  X  18  X  2.5  inches).  The  trays  were 
placed  in  a  tunnel  through  which  a  current  of  hot  air  was  rapidly  drawn. 
The  500  cc.  were  evai:)orated  to  approximately  50  cc.  in  about  1  hour. 
The  tempei-ature  of  the  liquid  never  exceeded  35°C.  The  residue  was 
removed  from  the  trays,  chilled  to  0°C.,  and  filtered.  Lipoid  material  was 
largelj'  eliminated  in  this  manner.  The  filtrate  thus  obtained  was  treated 
with  95  per  cent  ethj-1  alcohol  to  secure  a  concentration  of  approximately 
80  per  cent  alcohol.  The  mixture  was  then  filtered  and  the  filtrate  added 
to  5  or  more  volumes  of  95  per  cent  alcohol  as  in  the  previous  method.  The 
precipitate  which  formed  was  allowed  to  settle  to  the  bottom  of  the  alco- 
holic solution.  From  24  to  48  hours  were  allowed  for  the  precipitate  to 
settle.  The  alcohol  was  then  decanted  off  and  the  precipitate  dissolved 
in  distilled  water.  Traces  of  alcohol  were  removed  by  vacuum  distillation. 
This  was  the  method  originally  adopted  and  applied  to  larger  scale  pro- 
duction by  Eli  Lilly  and  Company  when  information  regarding  the  pro- 
duction of  insulin  was  communicated  to  them  by  the  Toronto  Committee. 
One  of  the  first  contributions  made  by  the  scientific  staff  of  Eli  Lilly 
and  Company  was  the  employment  of  rotary  high  vacuum  pumps  which 
immediatelj-  made  possible  the  efficient  concentration  of  the  original  ace- 
tone or  alcoholic  nitrate  and  also  of  the  filtrate  after  the  80  per  cent  alco- 
holic precipitation. 

Benzoic  Acid  Method. 

This  method  of  preparing  and  purifying  insulin  was  evolved  in  these 
laboratories  by  Moloney  and  Findlay  (21).  The  principle  of  this  process 
is  based  on  the  fact  that  certain  substances  readily  adsorb  insulin.  The 
particular  adsorbing  substance  used  by  these  investigators  was  benzoic 
acid.     The  method  briefly  is  as  follows: 

Minced  pancreatic  glands  were  extracted  with  alcohol  and  the  filtrate 
was  concentrated  in  an  efficient  vacuum  still.  To  each  liter  of  the  crude 
aqueous  concentrate  50  cc.  of  a  25  per  cent  sodium  benzoate  and  12.5  cc. 
of  concentrated  hydrochloric  acid  were  used.  These  amounts  were  usually 
sufficient  to  saturate  the  solution  with  benzoic  acid.  However, .  these 
quantities  can  be  increased  or  decreased  proportionately  depending  on 
the  amount  necessary  to  cause  a  first  lasting  precipitate.  Then  to  this 
saturated  benzoic  acid  solution  40  cc.  of  25  per  cent  sodium  benzoate  and 
10  cc.  of  concentrated  hydrochloric  acid  were  added.  The  precipitate 
thus  formed  was  allowed  to  settle  and  the  solution  filtered.  This  pre- 
cipitate usually  contained  about  two-thirds  of  the  potent  material.  The 
filtrate  was  again  treated  with  40  cc.  of  sodiimi  benzoate  and  10  cc.  of 
hydrochloric  acid  to  secure  a  second  precipitate.  This  precipitate  was 
filtered  off  and  the  filtrate  again  treated  if  this  was  considered  necessary. 
The  benzoic  acid  precipitates  were  mixed  and  added  to  a  small  volume  of 
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80  per  cent  ethyl  alcohol  which  dissolved  both  the  insulin  and  benzoic 
acid.  Certain  inert  materials,  however,  settled  out  and  the  alcoholic 
solution  was  filtered.  The  filtrate  was  concentrated  to  dryness  in  vacuo 
and  the  benzoic  acid  dissolved  by  treatment  with  ether.  This  solution 
was  transferred  to  a  separatory  funnel  and  a  small  volume  of  water  was 
added.     The  insulin  was  contained  in  the  aqueous  layer. 

The  introduction  of  the  benzoic  acid  method  of  purification  marked  a 
distinct  advance  in  the  production  of  insulin.  B3'  this  process  the  large 
amounts  of  alcohol  necessary  for  the  fractional  precipitation  of  the  pro- 
teins and  the  final  precipitation  of  the  insulin  in  the  previous  methods 
were  avoided.  Chemicall}^,  it  gave  a  product  which  was  much  freer  from 
protein  material,  as  determined  by  the  nitrogen  content,  than  anything 
we  had  hitherto  been  able  to  obtain.  Clinically,  the  toxic  and  indurating 
effects  which  characterized  all  the  earlier  extracts  were  greatly  reduced. 
The  main  disadvantage  which  this  process  possessed  was  that  the  separa- 
tion of  the  benzoic  acid  precipitates  often  required  long  and  tedious  filtra- 
tion. However,  the  benzoic  acid  method  has  been  a  very  important  factor 
in  the  production  of  insulin  over  a  considerable  period  of  time.  This  is 
shown  by  the  fact  that  approximately  250,000  units  of  insulin  made  by 
that  method  under  our  direction  in  this  laboratory  were  used  clinically 
in  Toronto  in  the  autumn  of  1922,  with  very  satisfactory  results. 

Water  Extracts. 

In  the  past  manj-  attempts  have  been  made  to  obtain  the  sub- 
stance necessary  for  the  utihzation  of  carbohydrates  in  the  body 
by  watery  extraction  of  the  pancreas.  Knowlton  and  StarUng, 
as  previously  stated,  prepared  an  extract  from  the  pancreas  by 
extracting  the  gland  with  acidulated  cold  water.  Shortly  after 
the  original  publication  by  the  Toronto  group,  Sansum^  was 
able  to  obtain  a  small  quantity  of  insulin  by  hot  water  extraction 
of  beef  pancreas.  Because  of  the  possible  economic  significance 
of  a  water}'  extraction  of  the  pancreas  in  the  manufacture  of  in- 
sulin, this  method  has  been  investigated  in  our  laboratories. 
Some  150  experiments  using  different  modifications  in  the  ex- 
traction, such  as  varying  the  time,  the  temperature,  the  acidity, 
etc.,  have  been  carried  out.  While  all  these  experiments  are  of 
interest,  we  will  report  only  a  few  which  have  given  the  most 
promising  results. 

2  pounds  of  minced  beef  pancreas  were  added  to  300  cc.  of 
distilled  water  which  had  been  acidified  with  4  cc.  of  concen- 

2  Sansum,  W.  D.,  Unpublished  work. 
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trated  sulfuric  acid.  After  20  minutes  1  liter  of  boiling  water 
was  added  to  the  mixture,  and  the  temperature  raised  to  80°C. 
b}'  a  jet  of  live  steam.  This  temperature  was  maintained  for 
a  period  of  2  minutes.  The  mixture  was  then  poured  into  a  flask 
and  cooled  quickly  by  connecting  the  flask  to  a  high  vacuum 
pump.  The  cooled  contents  were  filtered.  An  almost  colorless 
filtrate  was  obtained.  After  the  completion  of  the  filtration  which 
usualh'  took  about  |  hour,  the  glands  were  reextracted  with  1  liter 
of  acidified  water  at  room  temperature  for  a  period  of  3  hours. 
The  liquid  was  filtered  off  as  in  the  first  extraction.  The  insulin 
in  the  combined  filtrates  was  purified  either  by  the  method 
elaborated  b^^  Banting,  Best,  Collip,  and  Macleod,  or  by  the 
present  method  of  purification  used  in  our  laboratories. 

We  were  able  to  obtain  equally  satisfactory  results  by  cold 
water  extraction  of  the  pancreatic  glands.  The  method  was  as 
follows:  2  pounds  of  minced  pancreas  were  added  to  1,500  cc. 
of  distilled  water  which  was  acidified  with  3.5  cc.  of  concentrated 
sulfuric  acid.  The  mixture,  after  extraction  for  2  hours,  was 
filtered  through  fluted  filter  paper.  The  filtrate  was  quite  clear 
and  had  a  pH  of  approximatel}'  3.5.  It  is  very  essential  that 
this  pH  be  very  close  in  the  above  value  for  two  reasons.  The 
acidity  is  outside  the  isoelectric  range  of  many  of  the  proteins 
in  the  pancreas,  and  at  this  hydrogen  ion  concentration  there  is 
obtained  a  mixture  which  filters  readily  and  gives  a  clear  filtrate. 
The  glands  were  reextracted  with  acidified  water,  as  above,  for 
2  hours  and  the  liquid  filtered  off  as  in  the  first  extraction.  The 
insulin  in  the  combined  filtrates  may  be  purified  by  an}-  of  the 
methods  described  in  this  paper. 

Under  conditions  as  described  above  we  were  able  to  obtain 
fairly  satisfactory  yields  of  insulin  (see  p.  720).  The  results, 
however,  though  very  encouraging,  have  not  as  yet  shown  nearlj' 
as  great  a  unitage  per  pound  of  pancreas  as  that  obtained  by 
the  alcohol  or  acetone  method  of  extraction  under  the  best  experi- 
mental conditions. 

The  Method  of  Doisy,  Somogyi,  and  Shaffer  {22). 

These  investigators  have  described  a  method  of  purification  of  insulin, 
the  salient  new  features  of  which  were  the  precipitation  of  insulin  from 
watery  solution  with  half  saturation  of  ammonium  sulfate  and  the  so 
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called  isoelectric  precipitation.  Ammonium  sulfate  in  one-half  saturation 
had  been  previously  used  in  these  laboratories  by  Moloney.  Full  details 
of  the  isoelectric  precipitation  of  insulin  from  watery  solutions  containing 
the  active  substance  were  communicated  to  us  by  Prof.  P.  A.  Shaffer,  and 
almost  immediatelj'  afterwards,  by  Dr.  Clowes  of  Eli  Lilh-  and  Companj-. 
This  method  was  evidenth-  worked  out  independently  in  two  laboratories 
at  about  the  same  time.  We  have  profited  bj'  discussion  of  this  method 
with  Prof.  Shaffer  and  Dr.  Clowes  on  several  occasions.  The  experimental 
work  in  the  research  laboratories  of  Eli  Lilly  and  Company  was  carried 
out  by  G.  Walden  under  the  direction  of  Dr.  Clowes.  The  crude  material, 
to  which  the  "isoelectric"  method  of  purification  was  applied,  was  obtained 
by  different  procedures  by  the  two  groups  of  investigators.  It  appears 
from  experiments  we  have  carried  out  that  insulin  can  be  removed  from 
water}'  solution  at  various  hydrogen  ion  concentrations  by  procedures 
which  cause  a  precipitate  to  settle  out.  For  example,  the  addition  of 
copper  sulfate  to  obtain  a  concentration  of  1  per  cent,  in  a  solution  of 
insulin  at  pH  3.7  causes  the  separation  of  a  precipitate  which  ma}-  contain 
much  of  the  potent  material.  Similarly,  if  insulin  is  added  to  a  solution 
of  edestin  and  the  hydrogen  ion  concentration  adjusted  to  6.89,  the  iso- 
electric point  of  this  protein,  a  precipitate  forms  which  may  contain  all 
the  potency  of  the  original  solution. 

The  Present  Method. 

In  our  present  process  we  liave  employed  various  steps  of 
many  of  these  methods.  The  precipitation  of  insulin  from  al- 
coholic solution  by  the  addition  of  ether  was  suggested  to  us 
by  an  experiment  performed  b}^  H.  W.  Dudle}^,  in  ,this  laboratory. 
In  this  experiment  Dudley  demonstrated  that  the  addition  of 
an  equal  volume  of  ether  to  the  alcohol  used  in  the  final  precipi- 
tation of  insulin  in  the  procedure  of  Banting,  Best,  Collip,  and 
Macleod,  resulted  in  a  much  more  efficient  precipitation  of  the 
active  principle  than  that  obtained  by  the  use  of  alcohol  alone. 

Fresh  pancreatic  glands  from  the  ox  are  obtained  from  the 
abattoirs.  After  separating  as  much  of  the  fat  and  connective 
tissue  as  possible  the  glands  are  placed  in  large  containers  which 
are  collected  every  3  hours  and  taken  to  the  laboratory. 

The  glands  are  weighed.  They  are  then  run  through  a  power 
meat  chopper  in  which  they  are  finely  minced.  This  minced 
material  is  poured  into  large  earthenware  crocks  which  contain 
a  weight  of  95  per  cent  denatured  alcohol  (10  per  cent  methyl 
and  the  remainder  ethjd),  equal  to  that  of  the  glands.  The  alcohol 
is  acidified  to  1.3  per  cent  with  acetic  acid.     It  is  important  that 
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a  high  hydrogen  ion  concentration  be  secured  at  this  stage. 
It  inhibits  the  action  of  proteolytic  enzjines  and  affects  the  pro- 
teins in  such  a  wa}'  as  to  facilitate  separation  of  the  solid  and 
liquid  materials  at  a  later  stage  of  the  process.  Sulfuric  acid 
may  be  used  in  place  of  acetic  acid,  but,  if  so,  a  more  highlj-  colored 
filtrate  is  obtained.  This  color  is  difficult  to  remove  at  a  later 
stage.  The  minced  glands  are  extracted  for  3  hours  in  this  acid 
alcohol  solution.  During  this  time  they  are  slowly  agitated  in 
order  to  facilitate  extraction.  At  the  end  of  3  hours  this  alcoholic 
mixture  is  poured  into  a  rotary  centrifuge  to  separate  the  alcoholic 
extract  from  solid  materials.  After  the  completion  of  the  cen- 
trifuging  the  solid  material  remaining  in  the  centrifuge  is  re- 
extracted  for  3  hours  with  a  volume  of  60  per  cent  alcohol  equal 
to  that  of  the  liquid  removed  after  the  first  extraction.  The 
alcoholic  extract,  after  3  hours,  is  separated  by  means  of  the 
centrifuge.  The  extracts  from  the  first  and  second  extractions 
are  mLxed,  neutralized  to  litmus  with  sodium  hydroxide,  and 
chilled  in  a  brine  tank  to  0°C.  (the  chilling  may  be  omitted). 
During  the  chilling  the  filtrate  becomes  turbid  due  to  the  separa- 
tion of  lipoid  and  protein  materials.  The  mixture  is  filtered 
through  large  glass  funnels  which  have  been  fitted  with  fluted 
filter  papers.  The  alcoholic  extract  thus  obtained  is  almost 
colorless.  The  filtrate  which  contains  the  active  principle  is 
concentrated  to  about  one-twentieth  of  its  original  volume  in  an 
efficient  vacuum  still.  During  the  distillation  the  temperature 
is  not  allowed  to  rise  above  30°C.  The  reasons  for  this  are  as 
follows:  excessive  heat  will  coagulate  much  of  the  protein  material. 
This  is  undesirable  at  this  stage  because  some  of  the  insulin 
would  be  adsorbed  on  the  precipitated  proteins.  Excessive  heat 
over  the  period  required  for  the  concentration  produces  highly 
colored  decomposition  products  which  greatly  increase  the 
difficulty  of  purification  of  insulin.  After  the  completion  of  the 
distillation  the  concentrate  is  quickly  heated  to  55°C.  At  this 
temperature  lipoid  and  other  materials  rise  to  the  surface  and 
are  readily  skimmed  off.  This  fatty  mass  which  contains  about 
one-quarter  of  the  total  potency  of  the  concentrate  is  treated 
with  sufficient  ether  to  dissolve  the  lipoid  material  and  is  allowed 
to  stand  over  night.  The  ether  is  then  removed  and  the  residue 
made  up  to  80  per  cent  with  denatured  alcohol.  This  mixture 
is  filtered  through  paper. 
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Ammonium  sulfate  is  added  to  the  liquid  portion  of  the  con- 
centrate to  secure  half  saturation  (37  gm.  per  100  cc).  This 
mixture  is  stirred  well  and  almost  immediately  protein  material 
separates  out  and  readily  rises  to  the  top  of  the  liquid.  After 
standing  ^  hour  the  protein  precipitate  is  skimmed  off  and  allowed 
to  drain  on  hardened  filter  paper  for  3  to  6  hours.  It  is  then 
added  to  sufficient  95  per  cent  alcohol  to  secure  a  final  concen- 
tration of  75  to  80  per  cent  alcohol.  The  amount  of  alcohol 
added  is  usually  very  small,  but  varies  with  the  amount  of  mois- 
ture held  in  the  protein  precipitate.  Much  of  the  protein  material 
is  precipitated  by  this  concentration  of  alcohol  and  is  removed 
by  filtration.  This  filtrate  is  mixed  with  that  obtained  when  the 
residue  from  the  fatty  mass  (which  was  extracted  with  ether), 
is  treated  with  80  per  cent  alcohol,  as  described  above.  The 
active  principle  in  these  combined  filtrates  is  precipitated  by 
adding  to  them  an  equal  volume  of  sulfuric  ether.  On  standing 
over  night  this  precipitate  settles  to  the  bottom  of  the  flask  and 
the  ether-alcohol  solution  is  decanted.  The  precipitate  is  brought 
to  dryness  in  vacuo  and  is  then  treated  with  dilute  ammonium 
hydroxide  of  such  a  concentration  that  the  pH  of  the  resulting 
solution  is  approximately  8.  At  this  pH  the  insulin  is  completely 
soluble.  The  hydrogen  ion  concentration  is  then  adjusted  to  a 
pH  of  3.5.  At  this  hydrogen  ion  concentration  a  precipitate 
containing  dark  colored  material  usually  separates  out.  This 
is  removed  by  filtration.  The  filtrate  which  is  an  aqueous  ex- 
tract containing  the  active  principle  may  be  pure  enough  for 
clinical  use.  However,  it  is  advisable  to  purify  it  further  either 
by  the  so  called  isoelectric  precipitation  (22),  by  Dudley's  picrate 
method,  or  by  the  use  of  charcoal.  This  latter  method  of  purifi- 
cation has  been  worked  out  by  J.  P.  Moloney  and  D.  M.  Findlay 
in  this  laboratory  and  has  been  found  very  satisfactory.  This 
method  will  be  published  by  these  investigators  at  an  early 
date.  The  purified  product  is  diluted  with  acidified  water  (pH 
2.5)  to  the  desired  potency  as  estimated  by  the  rabbit  test. 

After  determining  the  strength  of  the  insulin,  0.1  per  cent 
tricresol  is  added,  and  the  solution  is  passed  through  a  Mandler 
filter.  The  insulin,  after  passing  through  the  filter  and  before 
the  vials  are  filled,  is  retested  carefully  to  determine  its  potency. 
It  is  then  diluted  with  sterile  distilled  water,  pH  2.5,  so  that  it 
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contains  10  or  20  units  per  cubic  centimeter.  The  method  of 
standardizing  insuHn  has  been  described  elsewhere  (23).  The 
tested  insulin  is  poured  into  sterile  glass  vials  with  aseptic  pre- 
cautions, and  the  sterility  of  the  final  product  thoroughly  tested 
b}^  approved  methods. 

Yields  of  Insulin. 

The  vniit  of  insuhn  has  recently  been  defined  in  several  com- 
munications. It  is  one-third  the  amount  of  material  rec^uired 
to  lower  the  blood  sugar  of  a  2  kilo  rabbit,  w^hich  has  been  fasted 
24  hours,  from  the  normal  level  (0,118  per  cent)  to  0.045  per  cent 
over  a  period  of  5  hom-s. 

The  earlier  extracts  obtained  from  the  degenerated  pancreas 
of  the  dog,  nonnal  dog's  pancreas,  or  the  pancreatic  tissue  of 
fetal  calves,  were  tested  upon  diabetic  dogs.  It  is  difficult, 
therefore,  since  the  relative  susceptibility  of  depancreatized  dogs 
and  normal  rabbits  to  insuhn  has  not  been  accurately  deter- 
mined, to  quote  definite  figures  in  rabbit  units  for  the  yield  of 
insulin  originally  obtained  per  gram  of  these  tissues. 

Pork  pancreas  has  consistently  given  us  somewhat  larger 
j-ields  in  experimental  lots  than  has  beef  pancreas.  Beef  glands 
are,  however,  somewhat  easier  to  process,  because  they  have 
adherent  a  smaller  amount  of  fat.  They  have  been  used  ex- 
clusively in  this  laboratory  for  the  production  of  larger  quantities 
of  material. 

During  the  early  part  of  April,  1922,  the  jdeld  of  insulin  suitable 
for  clinical  use  was  approximately  15  units  per  kilo  of  pancreas. 
Later  in  the  same  month  we  were  able  to  obtain  about  40  units 
of  purified  material  per  kilo.  Experunental  lots  at  that  time 
showed  as  high  as  90  units  of  crude  insulin  per  kilo.  Our  present 
procedure,  as  previously  described,  gives  a  yield  of  approximately 
400  units  of  purified  material  per  kilo.  The  increase  in  acidity 
of  the  extractive  has  been  the  greatest  single  factor  in  improving  the 
yields. 

The  yields  secured  by  water,y  extraction  of  the  glands  are  ex- 
tremely promising.  The  extraction  with  boiUng  water  under  the 
most  favorable  conditions  gives  a  consistent  yield  of  approxi- 
mately 225  units  per  kilo.  The  results  of  extraction  by  cold, 
highly  acidified  water  are  even  more  interesting,  at  the  present 
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time,  than  those  from  hot  water.  Extracts  obtained  by  these  pro- 
cedures are  at  present  more  difficult  to  purif}^  than  those  obtained 
by  alcoholic  extraction. 

The  highest  yields  we  have  as  yet  obtained  were  secured  from 
beef  pancreas  bj^  alcoholic  extraction.  In  several  experiments 
(15  pounds  of  pancreas  were  used  in  each  experiment)  we  have 
been  able  to  obtain  approximately  900  units  of  purified  insulin 
per  kilo  of  pancreas.  In  the  preliminary  experiments  of  this 
series,  however,  large  volumes  of  extractive  were  used,  and  we 
are  not  certain  as  yet  that  the  procedure  will  be  practical.  The 
material  was  purified  in  some  cases  by  the  benzoic  acid  method, 
and  in  others  by  the  ammonium  sulfate  and  isoelectric  method. 
Recent  results  tend  to  show  that  the  volume  of  the  extractive 
may  be  greatly  duninished  without  lowering  the  yield  if  certain 
precautions  are  observed.'' 

DISCUSSION'. 

During  the  year  1922,  those  of  us  who  were  responsible  for 
the  preparation  of  insulin  for  clinical  use  had  insufficient  oppor- 
tunities for  the  systematic  investigation  of  the  chemical  prop- 
erties of  the  material  we  were  struggling  to  prepare  for  patients 
who  were  being  treated  by  our  clinical  collaborators.  Changes, 
in  the  method  of  production  were  rapidlj^  introduced,  and  in 
many  cases  were  discarded  after  a  brief  trial.  As  Our  knowledge 
of  the  properties  of  the  material  has  increased,  improvements 
in  the  method  have  been  introduced. 

Alcohol  was  the  extractive  used  b}'  the  original  investigators 
in  the  University  of  Toronto  in  the  preparation  of  insulin  from 
beef  pancreas.  At  many  times  in  the  past  and  especially  very 
recently  it  has  appeared  that  water  would  be  a  more  economical 
solvent.  To  increase  the  number  of  units  of  insulin  obtainable 
per  kilo  of  pancreas  or  to  introduce  a  cheaper  extractive  and 
thus  to  assist  in  lowering  the  cost  of  insulin  is  very  desirable, 
but  the  question  of  yields  must  always  be  subsidiary  to  that  of 
the  purity  of  the  product.  In  consideration  of  this  latter  point, 
we  believe  at  the  present  time  that  alcohol  is  the  most  preferable 
extractive  we  have  yet  investigated. 

3  These  experiments  have  been  carried  out  with  the  assistance  of  W.  J. 
Grant  and  will  be  reported  shortly. 
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The  active  interest  of  the  members  of  the  Department  of 
Physiology,  Biochemistry,  and  Pharmacology,  in  our  work  has 
been  a  very  important  factor  in  our  progress.  We  have  benefited 
by  the  suggestions  of  the  representatives  of  the  British  Medical 
Research  Council  who  visited  our  laboratory.  An  ingenious 
method  of  purification  evolved  by  Dudley*  which  has  been  ex- 
tensively used  in  England,  promises  to  be  of  use  in  the  preparation 
of  a  dry  powder.  Insulin  in  this  form  seems  to  be  very  stable. 
The  collaboration  of  the  investigators  mentioned  in  the  body  of 
this  communication  has  been  greatty  appreciated.  The  research 
staff  of  Eli  Lilly  and  Company  has  played  a  prominent  part  in 
the  rapid  development  of  efficient  methods  for  large  scale  pro- 
duction. 

It  has  been  our  intention  to  review  the  methods  used  in  Toronto 
for  the  preparation  of  insulin,  and  not  to  discuss  in  detail  the 
properties  of  this  substance.  However,  certain  obvious  charac- 
teristics of  the  material  are  discernible  from  a  study  of  the  var- 
ious procedures  used  in  the  preparation.  The  stabilit}^  of  in- 
sulin is  of  particular  interest  and  suggests  that  further  research 
may  result  in  a  more  highly  purified  product  being  obtained. 

We  regret  that  we  have  not  had  the  opportunity  to  test  thoroughly 
various  procedures  for  the  preparation  and  purification  of  insulin  which 
have  been  developed  by  Prof.  T.  Brailfeford  Robertson  and  Prof.  A.  B. 
Anderson  of  the  University  of  Adelaide,  Australia,  and  by  Prof.  August 
Krogh  of  Copenhagen  University,  Denmark.  The  details  of  these  pro- 
cedures were  communicated  to  Prof.  J.  J.  R.  Macleod,  and  we  are  indebted 
to  him  for  very  promptly  making  them  available  to  us. 

We  wish  to  express  our  thanks  to  Dr.  J.  G.  FitzGerald  and 
Dr.  R.  D.  Defries  for  their  helpful  criticism  and  energetic  support. 

It  is  a  pleasure  to  acknowledge  our  indebtedness  to  Mr.  A.  S. 
Wall  and  Miss  Jessie  H.  Ridout,  for  their  efficient  assistance 
in  our  work. 

*  Dudley,  H.  W.,  Communicated  to  Insulin  Committee.  This  method 
has  recently  been  published  (Dudley,  H.  W.,  Biochem.  J.,  1923,  xvii,  376). 
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COPPER  AS  A  CONSTITUENT  IN  WOMAN'S  AND   COW'S 

MILK.     ITS  ABSORPTION  AND  EXCRETION  BY 

THE  INFANT.* 

By  ALFRED  F.  HESS,  G.  C.  SUPPLEE,  and  B.  BELLIS. 

{From  the  Department  of  Pathology,  College  of  Physicians  and  Surgeons, 
Columbia  University,  and  Research  Laboratory  of  Dry  Milk  Co.,  New  York.) 

(Received  for  publication,  July  28,  1923.) 

As  is  well  known  copper,  as  well  as  some  of  the  other  common 
metals,  is  widely  distributed  in  the  tissues  of  animals  and  plants. 
It  has  been  found  in  various  plants  and  seeds,  in  egg  yolk,  in  the 
brain,  and  many  other  organs  of  the  body.  It  is  true  that  the 
amounts  are  small,  but  the  very  fact  that  copper  is  present  so 
constantly  has  endowed  it  with  particular  interest  and  naturally 
led  to  hypotheses  as  to  its  function.  In  egg  yolk  20  mg.  of  copper 
per  kilo  of  dry  matter  were  found  by  Fleurent  and  Levi  (1); 
recently,  Bodansky  (2)  obtained  6.8  mg.  of  copper  per  100  gm.  of 
dry  substance  from  the  brain  of  a  5  month  human  fetus.  In 
general,  it  may  be  stated  that  copper  has  been  found  in  greater 
amounts  in  animals  than  in  plants,  more  especally  in  marine 
animals. 

The  analyses  of  cow's  milk  have  not  been  nmiierous.  From  a 
consideration  of  the  data  of  several  investigators  Bertrand  (3) 
states  that  cow's  milk  contains  about  0.50  mg.  of  copper  per  kilo. 
The  work  of  Supplee  and  BeUis  (4)  gave  a  similar  result — an 
average  of  0.521  mg.  of  copper  for  the  twenty- three  samples  tested, 
irrespective  of  the  ration  which  the  cows  consumed.  Our  interest 
in  this  subject  followed  an  investigation  by  one  of  us  (5)  regarding 
the  effect  of  additions  of  small  amounts  of  copper  to  milk  on  the 
loss  of  the  antiscorbutic  vitamin  in  the  com'se  of  pasteurization. 
A  further  report  of  this  aspect  of  the  subject  will  be  published  in 
the  near  futm-e.     Quite  apart  from  its  relevance  to  this  particular 

*Read  by  title  at  the  meeting  of  the  American  Society  for  the  Advance- 
ment of  Clinical  Medicine,  May  2,  1923. 
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question,  it  seemed  worth  while  to  ascertain  the  copper  content 
of  cow's  milk  after  it  had  been  subjected  to  the  process  of  com- 
mercial pasteurization,  and  to  determine  the  copper  content  of 
woman's  milk,  an  aspect  of  the  subject  which  has  not  been  inves- 
tigated. Having  found  copper  in  these  fluids,  similar  analyses  of 
the  urine  of  infants  were  carried  out,  in  order  to  learn  whether  the 
copper  is  absorbed  from  the  aUmentary  tract  or  must  be  regarded 
merely  as  an  extraneous  substance. 

The  method  found  most  satisfactory  for  ascertaining  small 
amounts  of  copper,  such  as  are  present  in  milk,  was  the  ethyl 
xanthate  method  recently  employed  for  this  purpose  by  Supplee  and 
Bellis  (4).     In  addition  to  being  highly  sensitive,  it  has  the  ad  vantage 

TABLE  I. 

Copper  in  A  queous  Solution  as  Determined  by  the  Potassium  Ethyl  Xanthate 

Method. 


Sample  No. 

Amount  of  fopper 
present. 

Amount  of  copper  found 
(No.  1). 

Amount  of  copper  found 
(No.  2). 

w.v. 

my. 

mg. 

1 

10 

10 

Not  determined. 

2 

5 

5 

5 

3 

1 

1 

1 

4 

0.5 

0.5 

Not  determined. 

5 

0.1 

0.1 

0.09 

6 

0.02 

0.02 

0.015 

7 

0.002 

0.002 

Not  determined. 

8 

0.001 

0.001 

0.001 

9 

0.0005 

Trace  or  none. 

None. 

that  small  quantities  of  iron,  lead,  nickel,  cobalt,  zinc,  and  man- 
ganese do  not  interfere  with  its  operation.  The  method  is  based 
on  the  fact  that  small  amounts  of  copper  react  with  potassium 
ethyl  xanthate  to  produce  a  yellow  color,  and  that  this  color  is  in 
direct  ratio  to  the  amount  of  copper  present.  The  reliabilitj^  of 
this  method  is  indicated  by  the  data  in  Tables  1  and  II.  The 
former  shows  the  amount  of  copper  found  in  10  cc.  volumes  of  water 
to  which  known  amounts  of  copper  had  been  added.  Table  II 
shows  the  amounts  of  copper  recovered  from  a  sample  of  milk  to 
which  definite  additions  of  a  copper  salt  had  been  made.  These 
determinations  indicate  that  the  method  may  be  considered  reH- 
able  for  copper  in  milk  where  as  little  as  0.005  mg.  is  present  in 
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100  cc.  quantities.     In  our  own  investigation  copper  was  present 
always  in  considerably  larger  amount. 

A  sample  of  raw  cow's  milk  was  found  to  contain  0.55  mg.  of 
Cu  per  liter.  Commercially  pasteurized  milk  contained  0.6, 
0.7,  and  0.6  mg.  in  the  samples  analyzed.  It  will  be  noted  that 
these  figures  correspond  fairly  well  with  those  published  for  raw 
cow's  milk,  but  that  the  pasteurized  milk  is  somewhat  higher. 
Two  samples  of  woman's  milk  were  analyzed,  one  from  a  woman 
who  had  an  abundance  of  milk  and  was  able  to  furnish  about 
750  cc.  daily,  of  which  the  copper  content  was  0.4  mg.  per  liter; 
the  other  from  a  woman  with  a  less  ample  secretion  of  milk  who 
furnished  about  460  cc.  daily,  contained  0.61  mg.  per  liter.     These 

TABLE  II. 
Copper  in  Milk  as  Determined  by  the  Potassium  Ethyl  Xanthate  Method. 


Sample  No. 

Amount  of  copper 
in  100  gm.  milk. 

Amount  of  copper 
added. 

Total  amount  of 
copper  present. 

Amount  of 
copper  found. 

mg. 

mg. 

mg. 

mg. 

1 

0.04 

0.02 

0.06 

0.065 

2 

0.04 

0.005 

0.045 

0.050 

3 

0.04 

0.005 

0.045 

0.045 

4 

0.04 

0.004 

0.044 

0.044 

5 

0.04 

0.003 

0.043 

0.040 

6 

0.04 

0.002 

0.042 

0.045 

7 

0.04 

0.002 

0.042 

0.040 

8 

0.04 

0.001 

0.041 

0.040 

9 

0.04 

0.001 

0.041 

0.045 

10 

0.04 

0.0005 

0.0405 

0.040 

women  were  on  a  full  and  varied  diet,  which  included  1  quart  of 
milk  a  day.  As  far  as  can  be  judged  from  these  analyses,  the 
copper  content  of  the  milk  of  women  is  about  the  same  as  that  of 
the  milk  of  the  cow. 

It  is  evident,  therefore,  that  infants,  whether  breast  fed  or  bottle 
fed,  are  regularly  consuming  small  amounts  of  copper  with  their 
food.  The  next  question  of  interest  was  whether  the  copper 
passes  along  the  gastrointestinal  tract  as  an  inert  substance,  or  is 
absorbed  and  enters  the  body  fluids.  In  order  to  gain  information 
on  this  point  the  urine  of  infants  was  collected.  As  it  was  neces- 
sary to  obtain  at  least  2  liters  for  analysis — the  secretion  of  a  week 
or  more — it  was  not  feasible  to  carrv  out  an  exact  metabolism  test 
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in  all  respects.  Our  main  interest,  however,  lay  in  the  (juestion 
as  to  whether  copper  enters  the  blood  and  is  distributed  to  the 
body  tissues.  A  simple  method  of  ascertaining  this  fact  seemed 
to  be  to  ascertain  whether  and  to  what  extent  it  is  regularlj^  pres- 
ent in  the  urine.  Table  III  summarizes  the  results  of  such  analy- 
ses. It  will  be  noted  that  in  every  instance  the  urine  contained 
copper  and  that  there  was  approximately  one-tenth  as  much  as  in 
woman's  or  cow's  milk.  The  infants  studied  were,  in  all  but  two 
instances,  6  to  12  months  of  age;  two  were  younger.  The  youngest 
infant  from  whom  urine  was  collected  was  3  months  old,  and  was  on 
a  diet  of  COO  cc.  of  milk  without  the  addition  of  cereal.  The  urine 
of  this  baby  contained  0.06  mg.  of  copper  to  the  liter,  and  he  passed 
on  an  average,  during  the  7  day  period  of  observation,  .300  cc.  of 

TABLE  III. 
Copper  Content  of  Urine  (Mg.  per  Liter). 


Infants. 

Cow's  milk  and  cereal 

0.066 

0.06 

0.14 

0.04 
0.06 
0.04 

0.06* 
0.65 

0.06 

0.08 

0  08 

Woman's  milk  and  cereal 

General  diet 

0.10 

Adults. 

Diet  low  in  Cu 

"     high  in  Cu 

0.09 

0.14 

0.08 
0.11 

*  Received  no  cereal;  3  months  of  age. 


urine  daily,  indicating  a  renal  excretion  of  about  0.02  mg.  of  copper 
daily. 

The  urine  was  collected  from  some  older  infants,  2  to  3  years  of 
age.  These  were  receiving  a  general  diet,  composed  of  milk, 
vegetables,  bread,  cereal,  sugar,  meat,  and  soup.  In  two  instances, 
as  may  be  noted  in  Table  III  considerably  larger  quantities  of 
copper  were  passed  than  in  the  younger  infants — 0.14  and  0.10 
mg.  per  liter.  In  the  former  case,  the  average  dail}^  output  of 
urine  for  the  experimental  peroid  was  465  cc,  indicating  a  dail}' 
urinary  excretion  of  about  0.07  mg.  of  copper. 

Similar  tests  were  carried  out  on  two  adults,  one  on  a  diet  low 
in  copper  and  the  other  on  a  diet  high  in  copper.  The  former 
dietary  consisted  of  milk,  corn   bread  or  other  corn  products, 
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potatoes,  apples,  and  limited  amounts  of  meat  and  of  fresh  spinach. 
The  dietary  high  in  copper  consisted  of  oatmeal  with  milk  or  cream, 
beans,  radishes,  whole  wheat  bread  or  other  whole  wheat  products, 
pears,  lettuce,  and  a  limited  amount  of  potatoes.  These  dietaries 
were  maintained  for  3  day  periods  and  the  urine  was  collected 
for  the  last  36  hours.  Between  the  two  test  periods  there  was  an 
interval  of  3  days,  during  which  the  diet  was  unrestricted.  On 
the  dietary  low  in  copper  the  mine  contained  approximately  the 
same  amount  of  copper  as  was  secreted  by  the  younger  infants 
(0.09  and  0.08  mg.),  on, the  dietary  high  in  copper  the  percentage 
of  urinary  copper  was  higher  in  both  instances. 

The  fact  that  copper  is  not  merely  present  in  many  of  our  foods, 
including  woman's  milk,  but  that  it  is  likewise  absorbed  and  incor- 
porated in  the  body  fluids  constitutes  an  additional  argument  in 
favor  of  its  exerting  some  physiological  action.  It  is,  however,  of 
little  value  to  speculate  regarding  this  function,  or  to  discuss  attrac- 
tive hypotheses.  As  is  well  known,  the  salts  of  copper  are  impor- 
tant catalyzers,  so  that  this  form  of  activity  at  once  suggests  itself. 
Alsberg  and  Clark  (6)  expressed  the  opinion  that  the  copper  in 
hemocyanin  acts  as  a  catalyzer  for  oxygen.  In  certain  instances 
copper  increases  the  action  of  the  enzyme  peroxidase.  The  question 
also  arises  whether  it  is  immaterial  if  large  amounts  of  copper  are 
absorbed  by  the  tissues— a  question  which  gains  added  relevancy 
since  the  production  of  experimental  hemochromatosis  b}^  Malloiy, 
Parker,  and  Nj^e  (7)  by  means  of  chronic  copper  poisoning. 
Whatever  may  prove  to  be  its  physiological  or  pathological  signifi- 
cance, our  investigations  show  that  cow's  milk  and  woman's  milk 
regularh^  contain  copper,  and,  furthermore,  that  in  infants  and 
adults  copper  is  absorbed  from  the  alimentary'  tract  as  proved  by 
its  constant  presence  in  the  urine. 
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THE    INFLUENCE    OF    THE    DIET    DURING    THE    PRE- 

EXPERIMENTAL  PERIOD  ON  THE  SUSCEPTIBILITY 

OF  RATS  TO  RICKETS. 

By  ALFRED  F.  HESS,  M.  WEINSTOCK,  and  E.  TOLSTOI. 

{From  the  Department  of  Pathology,  College  of  Physicians  and  Surgeons, 
Columbia  University,  New  York.) 

(Received  for  publication,  August  3,  1923.) 

In  a  preliminary  communication  it  was  pointed  out  that 
"whether  or  not  rickets  develops  on  standard  rickets-producing 
dietaries  may  depend  on  the  stock  of  rats  which  is  used,"  and, 
furthermore,  that  "resistance  is  not  to  be  attributed  mainly  to 
peculiarity  of  strain  or  breed  but  to  previous  diet,  for  it  was  over- 
come by  modification  of  the  dietar}^"  (1).  These  conclusions 
were  drawn  from  our  experience  that  despite  uniformity  in  all 
experimental  conditions — -age,  weight,  diet  of  animals,  etc. — in 
some  groups  of  rats  rickets  regularly  developed  whereas  it  did  not 
in  others.  This  seemed  a  phenomenon  of  interest  and  concern 
for  those  actively  engaged  in  the  study  of  experimental  rickets. 
It  seemed,  furthermore,  that  such  inconsistenc}^  of  results  might 
throw  some  light  on  the  unaccountable  irregularities  noted  by  all 
clinicians  in  the  development  of  rickets  in  infants.  With  these 
aspects  of  the  problem  in  mind,  we  pursued  the  investigations 
further. 

In  the  first  instance  it  was  found  that  rats  obtained  from  one 
source  (Group  D,  Table  I)  did  not  develop  rickets  when  placed  on 
the  standard  low  phosphorus,  high  calcium  dietary  (No.  84, 
Sherman-Pappenheimer) .  This  was  our  first  experience  of  this 
kind  in  the  course  of  an  investigation  which  has  included  some 
thousands  of  rats.  In  order  to  gain  additional  information  regard- 
ing this  lack  of  conformity,  rats  of  similar  age  and  weight  were 
purchased  from  several  other  sources.  In  no  instance,  however, 
did  we  encounter  the  same  refractory  condition,  although  one 
other  strain  developed  rickets  only  to  a  slight  or  moderate  degree. 
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Six  groups  of  rats,  from  six  different  sources  were  studied.  From 
Table  I  it  will  be  seen  that  thej'  were  very  similar  in  weight 
and  age,  but  that  they  varied  in  the  content  of  inorganic  phos- 

TABLE  I. 

Inorganic  Phoi^phalc  of  Blood  and  Suscepithiiiitj  to  Rickets  of  Various  Stocks 

of  Rats. 


stock. 

Age. 

Weight. 

Blood  P. 

Serum  Ca. 

Rickets 
at  8  wks.* 

Blood  P 
at  8  wks. 

irks. 

f/m. 

mg.  per  cent 

tng.  per  cent 

mg.  per  cent 

0 

4 

40 

6.8 

Moderate  or 

4 

40 

7.6 

marked. 

4 

40 

7.6 

4 

40 

6.5 

2.5 

4 

40 

6.5 

4 

40 

7.5 

6.2 

G 

4 

38 

9.9 

6.1 

Moderate  or 
marked. 

S 

4 

36 

7.1 

8.2 

Moderate  or 

1.5 

41 

42 

7.6 

marked. 

w 

4 

40 

10.7 

Moderate  or 

4 

40 

7.7 

marked. 

4 

50 

7.1 

5 

50 

8.1 

5 

50 

7.8 

F 

4 

40 

11.1 

Moderate  or 

4 

40 

10.8 

slight. 

41 

40 

7.8 

6.8 

1.5+ 

5 

44 

7.4 

D 

4 

40 

12.0 

None. 

9.9 

4 

30 

9.9 

7.7t 

4 

8.0 

*  Sherman-Pappenheimer  low  phosphorus  diet. 

t  At  the  end  of  15  weeks  the  inorganic  phosphorus  was  3.0  mg.;  in  adult 
rats  of  this  strain  it  was  5.7  mg.  per  cent. 

phate  of  the  blood.  These  blood  analyses  were  carried  out  when 
the  rats  were  4  weeks  of  age,  the  period  w^hen  they  were  first  put 
on  the  experimental  dietary.     For  these  tests  the  blood  of  two  or 
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more  rats  was  pooled,  and  examined  by  means  of  the  Bell  and 
Doisy  method,  as  modified  by  Briggs.  These  anatyscs  are  strik- 
ing for  their  marked  variation  in  the  inorganic  phosphate,  which 
ranges  from  6.5  to  12.0  mg.  per  cent.  Such  variations  do  not  have 
their  counterpart  in  analyses  of  the  blood  of  infants.  The  nearest 
approach  to  this  lack  of  uniformity  has  been  found  in  the  course  of 
examinations  of  the  blood  of  new-born  infants  in  which,  without, 
attributable  cause,  the  inorganic  phosphate  of  the  blood  was  found: 
frequently  as  low  as  3.0  mg.  or  at  times  as  high  as  4.5  mg.  per  cent 
(2).  It  will  be  noted  that  the  highest  percentages  were  found  in; 
Groups  D  and  F,  and  the  lowest  in  Group  0.  Although  no  parallel- 
ism was  found  between  the  level  of  inorganic  phosphate  and  the 
susceptibility  to  rickets,  this  factor  evidently  plays  a  role;  for 
the  O  group — which  had  the  lowest  percentages  of  inorganic 
phosphate — developed  marked  rickets  with  great  regularity,  and 
showed  evidences  of  spontaneous  healing  least  often,  whereas  the 
D  group — which  had  the  highest  percentage  of  inorganic  phosphate 
— did  not  develop  rickets.  Group  F  stood  midway  between  the 
two  and  showed  rickets  of  a  mild  type  with  not  infrequent  radio- 
graphic and  microscopic  signs  of  healing.  Still  more  striking  are 
the  blood  analyses  when  the  rats  were  8  weeks  old  and  had  been 
on  the  rickets-producing  diets  for  the  regular  4  week  period;  as  , 
may  be  noted,  the  inorganic  phosphorus  showed  a  marked  deple- 
tion in  all  but  the  resistant  stock. 

Having  failed  to  induce  rickets  b}"  means  of  Diet  84,  other 
dietaries  were  employed.  A  diet  which  we  have  found  service- 
able in  bringing  about  rickets  is  one  in  which  5  per  cent  of  the 
flour  of  No.  84  is  replaced  b}^  an  equivalent  percentage  of  dry  milk 
(dried  by  the  roller  process).  This  food  brings  about  greater 
growth,  as  it  is  more  complete,  but  leads  to  rickets  of  milder 
grade  and  of  somewhat  different  histological  picture.  But  this- 
dietary  likewise  failed  to  induce  rickets,  except  occasionally,  in 
rats  of  the  D  group.  Some  of  these  animals  were  placed  by  Dr. 
Zucker  of  this  laboratory  on  more  severe  rickets-producing  diets, 
containing  10  per  cent  of  casein  and  various  additions  of  alkalies, 
without  causing  rachitic  lesions.  Furthermore,  ten  rats  were  fed 
a  diet  high  in  phosphorus  and  low  in  calcium  (Diet  85C)  but  failed 
to  develop  rickets;  the  blood  calcium  in  these  animals  fell  to  4.4 
mg.  per  cent  after  the  test  period  of  28  da3's,  the  inorganic  phos- 
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phorus  being  9.9  mg.  per  cent.  The  rickets-producing  diet  used 
by  McCollum  (No.  3143)  was  next  tried.  This  contains  whole 
grain,  gelatin,  gluten,  sodium  chloride,  and  3  per  cent  of  calcium 
carbonate  and  was  fed  to  ten  rats  of  the  standard  age  and  weight. 
Most  of  these  rats  failed  to  develop  rickets,  although  some  showed 
lesions  characterized  by  Dr.  Pappenheimer  as  atypical  (Table 
II);  when  killed  at  8  weeks  of  age  their  blood  contained  7.7  mg. 
per  cent  of  inorganic  phosphorus,  and  the  serum,  7.4  mg.  per  cent 
of  calcium. 

It  was  evident  that  we  were  deahng  with  rats  which  were  highly 
refractory  to  diets  commonly  emploj^'ed  in  experimental  rickets. 
The  next  step  was  an  attempt  to  break  down  the  refractory  state 
by  means  of  dietetic  measures  carried  out  during  the  preexperi- 
mental  period — the  first  4  weeks  of  life.  The  dietary  of  the  Group 
D  rats  throughout  this  period,  that  is,  previous  to  the  time  they 
were  under  our  care,  had  been  exceptionally  liberal.  Through- 
out pregnancy  and  lactation  it  had  consisted  of  raw  meat  and  bone, 
milk,  whole  grain,  cabbage,  beans,  and  fruit;  egg  shells  being 
added  during  pregnancy.  It  is  difficult  to  appraise  this  dietary 
from  a  chemical  standpoint,  but  it  seems  certain  that  it  adequately 
filled  all  nutritional  requirements.  Although  we  received  the  rats 
as  soon  as  they  had  been  weaned,  when  they  were  4  weeks  of  age,, 
there  is  no  doubt  but  that,  during  the  latter  half  of  the  suckling 
period,  they  had  consumed  some  food  placed  in  the  cages  for  the 
mothers.  This  factor  must  be  borne  in  mind;  its  significance 
cannot  be  estimated  in  regard  to  the  effect  of  the  entire  dietary  of 
the  lactation  period.  In  order  to  make  a  comparison  of  the  pro- 
tective action  of  this  diet  and  our  standard  diet,  we  obtained  some 
Group  D  rats  at  the  end  of  pregnancy  and  some  with  litters  1  or 
2  days  old.  These  rats  were  placed  on  our  dietary,  which  was  not 
as  full  as  that  just  outlined  and  consisted  of  a  variety  of  whole 
grains,  bread,  and  potato  daily ;  greens  twice  a  week ;  and  meat,  cheese, 
and  bananas  once  a  week.  Some  difficulty  was  experienced  in  raising 
litters,  as  the  mothers,  accustomed  to  a  considerable  quota  of  meat, 
had  a  tendency  to  eat  their  young  soon  after  they  were  born.  How- 
ever, three  satisfactory  experiments  of  this  kind  were  carried  out, 
the  details  of  which  may  be  noted  in  Table  III.  For  the  first 
test  a  litter  2  days  old  was  used,  for  the  two  others,  litters  which 
were  born  2  and  4  days,  respectively,  after  the  pregnant  mother 
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had  been  received  bj-^  us.  All  three  broods  received  the  standard 
dietary;  one  group  was  given  daily  60  cc.  of  milk  in  addition,  and 
another  a  small  quantity  of  meat  daily,  in  order  to  obviate  their 
tendency  to  eat  the  young.  As  the  table  indicates,  all  these  rats 
developed  rickets.  In  these  tests  the  sole  factor  which  had  been 
altered  was  the  diet  for  the  first  4  weeks  of  life;  the  surroundings 
and  dietary  throughout  pregnancy  had  been  the  same  as  that  of  the 
mothers  of  the  refractory  rats.  The  young  were  weaned  at  28 
days  as  usual,  and  were  placed  on  the  standard  No.  84  diet. 
In  all  three  tests,  comprising  twenty-three  rats,  the  rickets  was 
marked  as  judged  by  radiographic  and  microscopic  examination. 
The  blood  of  animals  from  two  of  the  groups  was  tested  for  inorganic 
phosphate  at  the  time  of  necropsy  and  found  to  be  exceeding^  low 
in  this  constituent — -2.09  and  1.5  mg.  per  cent.  WTien  we  compare 
these  results  with  those  obtained  with  the  rats  which  were  not 
reared  in  our  laboratory  for  the  first  4  weeks  of  life,  the  interpreta- 
tion is  inevitable  that  the  refractory  condition  was  dependent 
on  the  character  of  the  dietary.  At  present  we  are  unable  to 
state  whether  the  varying  susceptibility  was  due  to  differences  in 
the  milk  of  the  mother  or  of  the  solid  food  which  the  young  con- 
sumed during  the  latter  half  of  the  suckling  period.  Experiments 
which  we  carried  out  recently  (1)  showed  convincingly  that,  as 
regards  cod  liver  oil,  the  active  principle  is  not  transmitted  through 
the  mother's  milk  in  quantity  sufficient  to  afford  significant  pro- 
tection, but  is  of  distinct  value  when  fed  directly  to  the  young 
during  the  preexperimental  period.  It  is  possible  that  the  anti- 
rachitic factors  in  food  ma}'  act  differentl}'  and  be  secreted  into  the 
milk. 

The  problem  was  approached  from  another  standpoint.  Rats 
of  Stock  D  were  obtained  which  were  of  the  s^me  age  as  those  pre- 
vioush'  tested,  but  differed  in  that  they  had  been  inadequately 
suckled.  The  deficit  was  brought  about  by  having  the  dam  suckle 
fifteen  to  twenty  young,  instead  of  merel}^  her  own  litter  which 
comprises  usually  five  to  ten.  The  dietary  of  the  mother  had  been 
the  same  as  that  of  the  previous  Stock  D  rats.  As  will  be  noted 
from  Table  IV,  these  animals  at  the  time  of  weaning  were  stunted, 
some  weighing  only  14  to  16  gm.  In  every  instance  rickets 
developed  after  they  had  been  on  a  rickets-producing  diet  for  the 
period  of  4  weeks,  whether  No.  84  or  the  dry  milk  dietary  was  fed. 
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After  this  interval  the  inorganic  phosphate  of  the  blood  became 
unusually  low,  from  1.5  to  3  mg.  per  cent.  It  would  seem  that  the 
difference  in  susceptibility  between  the  normal  and  the  stunted 
rats  of  this  stock  is  attributable  to  the  fact  that  the  latter  were 
unable  to  store  protective  factors  during  the  suckling  period,  so 
that  they  were  potentially  rachitic.  No  doubt  the  rapid  gains 
which  ensued  when  they  were  placed  on  the  experimental  dietaries 
— some  even  doubled  their  initial  weight — greatly  tended  to  the 
development  of  rickets.  The  nutritional  condition  calls  to  mind 
that  of  the  infant  who  has  been  nursed  inadequately — due  to  an 
insufficient  supply  of  milk  or  to  unduly  prolonged  nursing — ^and  is 
later  given  a  bountiful  diet.  A  sharp  gain  in  weight  ensues, 
accompanied  by  a  marked  tendency  to  the  development  of  rickets. 

It  is  evident  that  we  are  dealing  with  a  marked  lack  of  suscep- 
tibility to  rickets,  mobile  in  character  and  readily  overcome  by 
alteration  of  dietary.  This  condition  seems  best  accounted  for  on 
the  theory  that,  during  the  preexperimental  period,  the  first 
4  weeks  of  life,  the  rats  stored  a  protective  substance  which  they 
had  obtained  either  indirectly  through  the  mother's  milk  or 
directly  from  other  food  It  we  accept  the  explanation  of  protec- 
t  on  through  the  agency  of  mother's  milk,  the  physiological  mecha- 
nism must  differ  from  that  governing  cod  liver  oil,  which  was  found  , 
ineffective  n  attempts  to  supply  its  active  principle  to  the  young 
indirectly  through  this  medium  (3).  This  question  must  be  left 
open  as  young  rats  after  the  10th  day  of  life  frequently  partake  of 
the  food  provided  for  the  mother.  However  this  may  have  been, 
our  experience  indicates  that  in  experiments  on  rickets,  especially 
those  of  a  quantitative  or  comparative  nature,  the  dietary  must  be 
not  only  standardized  throughout  the  experiment,  but  must  be 
controlled  likewise  during  the  preexperimental  period.  In  a 
recent  study  of  the  fat-soluble  vitamin  Steenbock  and  Nelson 
(4)  have  drawn  attention  to  the  necessity  of  considering  "the 
vitamin  reserves"  in  the  study  of  growth  or  incidence  of  patho- 
logical conditions.  Korenchevsky  (5)  has  stressed  the  importance 
of  the  fat-soluble  vitamin  and  calcium  in  the  diet  of  the  lactating 
mother,  and  is  of  the  opinion  that  the  young  may  be  protected 
against  rickets  by  obtaining  a  liberal  amount  of  these  factors 
through  the  mother's  milk.  Although  wf  agree  as  to  the  impor- 
tance of  diet  throughout  the  lactating  period,  its  antirachitic  value. 
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in  our  opinion,  docs  not  depend  on  its  content  of  either  of  these 
constituents.  This  question,  however,  as  well  as  that  of  the  role 
of  diet  during  the  prenatal  period,  will  be  considered  in  connection 
with  experiments  to  be  reported  later. 

SUMMARY. 

Rats  may  fail  to  develop  rickets  on  the  standard  "rickets- 
producing  dietaries"  whether  low  in  phosphorus  or  in  calcium. 
This  term  cannot,  therefore,  be  applied  unreservedly  to  experimen- 
tal diets. 

The  refractory  state  was  found  to  be  due  to  the  liberality  of  the 
diet  during  the  preexperimental  period,  the  first  4  weeks  of  life. 

It  was  overcome  and  the  young  were  rendered  susceptible  to 
rickets  by  feeding  mother  and  young  a  less  adequate  dietary 
throughout  the  suckling  period. 

Resistance  was  also  broken  down  by  means  of  inadequate 
lactation  during  this  period,  by  having  the  mother  suckle  young  in 
addition  to  her  own  litter.  This  deprivation  probably  resulted 
in  an  inability  on  the  part  of  the  young  to  store  a  reserve  of  the 
antirachitic  factor. 

Experiences  of  this  kind  indicate  the  necessity  of  controlling 
the  diet  of  experimental  animals  for  the  entire  period  preceding 
the  test.  They  also  suggest  that  the  diet  of  infants  during  the 
fii-st  weeks  of  life  may  be  of  equal  importance  in  relation  to  the 
later  development  of  rickets. 
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ETHER  ANESTHESIA. 

I.  THE  DETERMINATION  OF  ETHYL  ETHER  IN  AIR  AND  IN 

BLOOD,  AND  ITS  DISTRIBUTION  RATIO  BETWEEN 

BLOOD  AND  AIR.* 

By  PHILIP  A.  SHAFFER  and  ETHEL  ROXZOXI. 

{From  the  Laboratory  of  Biological  Cheimstry,  Washington  University  School 
of  Medicine,  St.  Louis.) 

(Received  for  publication,  July  23,  19>23.) 

On  the  hypothesis  that  the  passage  into  the  blood  of  ether 
and  other  volatile  substances  used  for  inhalation  anesthesia  is 
a  process  of  simple  diffusion  of  the  gas  from  the  alveoli  in  accord- 
ance with  the  distribution  coefficient  of  the  substance  between 
air  and  blood  at  the  bod}-  temperature,  and  on  the  further  hy- 
pothesis that  the  production  and  maintenance  of  a  given  degree  of 
anesthesia  depends  upon  a  certain  definite  concentration  of  the 
anesthetic  in  the  blood  and  tissue  fluids  bathing  the  nerve  cells 
or  other  elements,  it  should  be  possible  to  establish  the  following 
values  and  relationships.  (1)  The  anesthetic  concentration  in 
the  blood,  (2)  the  concentration  of  the  anesthetic  gas  in  the  air 
breathed  necessary  to  maintain  the  anesthetic  concentration 
in  the  blood,  and  (3)  the  ratio  between  these  concentrations  in 
blood  and  alveolar  air  should  be  constant,  and  should  have  the 
same  nuvierical  value  as  the  distribution  ratio  for  the  anesthetic 
between  blood  and  air,  at  body  temperature,  in  vitro. 

The  determination  of  these  quantities  would  decide  the  cor- 
rectness of  the  hypothesis  and  would  be  of  practical  as  well  as 
theoretical  interest. 

On  consulting  the  literature  we  were  surprised  to  find  great 
discrepancies  between  the  values  obtained  by  different  investi- 
gators for,  on  the  one  hand,  the  anesthetic  tension  of  ether  in  the 
air  breathed,  and  on  the  other  hand,  the  concentration  of  ether 

*  Conducted  with  the  aid  of  a  fund  contributed  b}^  Mr.  Edward  Alal- 
linckrodt,  Jr. 
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in  the  blood  during  anesthesia.  The  ratio  between  the  two  had 
not  been  accuratel}'  determined  either  in  vitro  or  in  vivo} 

The  underljing  principles  of  the  absorption  of  inhalation  anes- 
thetics were  first  investigated  and  clearly  stated  by  John  Snow  (2) 
in  1848,  immediately  after  the  demonstration  of  the  anesthetic 
properties  of  ether  and  chlorofonn.  Snow  performed  a  series 
of  notable  experiments  from  which  he  arrived  at  the  concentra- 
tion of  chlorofomii,  ether,  and  other  vapors  required  to  induce 
and  maintain  different  degrees  of  narcosis,  and  by  calculation 
he  estimated  the  amount  of  the  anesthetic  present  in  blood  during 
anesthesia.  He  very  definitely  expressed  the  idea  of  the  relation 
between  concentration  of  vapor  inhaled  and  concentration  in 
blood  at  the  body  temperature  as  determining  the  depth  of 
anesthesia. 

For  a  mouse  at  100°F.  Snow  found  1,75  volumes  per  cent  of 
ether  vapor  "sufficient  to  induce  the  second  degree  of  narcotism," 
and  3.5  volumes  per  cent,  the  "fourth  degree  of  narcotism." 
He  calculated  that  the  blood  contained  in  these  two  conditions 
0.0875  per  cent  and  0.175  per  cent  of  ether,  respectively. 
For  birds  with  higher  body  temperatures  the  concentration  of 
vapor  producing  narcosis  was  higher  and  for  frogs  much  lower. 
Since  Snow's  time  it  appears  to  have  been  supposed  that  the 
concentration  of  ether  vapor  necessary  to  maintain  anesthesia 
should  be  a  fairly  constant  value,  but  the  results  obtained  by 
different  workers  vary  from  2.1  to  10.6  volumes  per  cent  in  the 
air  breat"hed,  and  from  such  variations  it  is  impossible  to  conclude 
whether  the  anesthetic  tension  is  actually  constant,  or  w^hat  its 
value  is. 

The  concentration  of  ether  in  blood  has  been  direct^  deter- 
mined by  only  tw^o  investigators  (3,  4),  but  their  results  are  in 
substantial  agreement,  and  the  work  of  Nicloux  (3)  indicates  that 
there  is  only  a  small  margin  between  the  concentrations  which 
produce  anesthesia  (0.105  to  0.110  per  cent)   and  those  which 

1  Very  recently  Haggard  (1)  has  determined  the  distribution  ratio  of 
ether  betw.een  water  and  air,  and  blood  and  air,  in  vitro,  his  work  being 
prompted  by  the  same  considerations  which  led  to  our  investigation.  The 
work  reported  in  this  paper  was  completed  before  the  appearance  of  Hag- 
gard's communication.  At  body  temperature  our  results  are  in  satis- 
factory agreement  with  his. 
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stop  respiration  and  are  fatal  (0.160  per  cent).  But  if  the  anes- 
thetic concentration  of  blood  is  constant,  and  only  slightly  be- 
low the  fatal  concentration,  an  increase  of  tension  of  ether  in  the 
air  breathed,  from  3  to  10  volumes  per  cent,  would  raise  the  amount 
in  the  blood  to  three  times  its  initial  value,  or  much  above  the 
fatal  concentration.  The  results  are  therefore  contradictory, 
and  the  subject  requires  further  study. 

In  the  fall  of  1921  we  undertook  the  determination  of  the  ratio 
of  distribution  of  ether  between  water  and  air  and  between  blood 
and  air,  at  different  temperatures,  in  order  to  learn  whether 
during  ether  inhalation  anesthesia  the  same  ratio  exists  between 
ether  in  the  blood  and  in  the  alveolar  air.  The  demonstration 
of  this  relationship  would  prove  the  absorption  of  ether  to  be  the 
result  of  diffusion,  and  would  clarify  existing  doubt  as  to  the 
anesthetic  tension  of  ether  in  air  breathed.  Our  results  show 
that  the  expectation  is  correct,  at  least  in  dogs,  the  ratio  of  ether 
in  blood  to  ether  in  alveolar  air  during  anesthesia  being  sub- 
stantially the  same  as  the  distribution  ratio  m  vitro  at  the  same 
temperature. 

We  are  therefore  able  to  prove  the  simple  relationships  pointed 
out  by  Snow  three-quarters  of  a  century  ago  but  since  obscured 
by  the  conflicting  data  of  later  investigators.  It  may  be  added 
that  although  our  results  differ  from  those  of  a  number  of  recent 
workers,  they  are  in  remarkable  agreement  with  the  values 
found  by  Snow. 

It  became  apparent  at  the  outset  that  the  main  cause  of  dis- 
crepancies in  results  from  past  work  is  the  inadequacj^  of  the 
analytical  methods  used  for  the  determination  of  ether.  Our 
first  attempt  was,  therefore,  to  develop  a  method  so  that  more 
reliable  results  might  be  obtained.  It  is  proposed  in  this  paper 
to  describe  the  method  of  determination,  and  to  report  the  values 
obtained  for  the  distribution  ratio  between  water  and  air  and  blood 
and  air  in  vitro.  In  the  following  paper  (5)  will  be  given  the 
data  for  animal  experiments,  and  we  shall  later  report  observa- 
tions during  ether  anesthesia  on  human  subjects. 

Methods  based  upon  the  oxidation  with  mixtures  of  sulfuric 
acid  and  bichromate  have  been  frequently  used  for  the  deter- 
mination of  alcohol,  and  are  equally  apphcable  to  ether,  and 
appeared  to  be   the   most   promising  for   our   purposes.     Both 


744  Ether  Anesthesia.     I 

alcohol  and  ether  form  stable  ethyl  sulfuric  acid,  which  under 
certain  conditions  is  quantitatively  oxidized  by  chromic  acid  to 
acetic  acid.  In  various  forms  this  reaction  has  been  used  for 
alcohol  bj'  Bodlander  (G),  Frankland  and  Frew  (7),  Duprc  (8), 
Benedict  and  Norris  (9),  Nicloux  (3),  Dox  and  Lamb  (10), 
Thorpe  and  Holmes  (11),  Pringsheim  (12),  Widmark  (13),  and 
Miles  (14),  and  for  ether  by  Nicloux  (3)  and  van  Leeuwen  (4). 

Nicloux  removed  the  ether  from  water  solutions  by  aeration, 
the  air  being  passed  through  50  per  cent  sulfuric  acid,  which 
absorbs  the  ether  with  formation  of  ethyl  sulfuric  acid.  By 
subsequent  addition  of  measured  amounts  of  standard  bichro- 
mate, the  ether  is  oxidized  to  acetic  acid,  the  end-point  being 
indicated  by  the  appearance  of  a  yellowish  tinge  in  the  green 
solution.  In  our  hands  this  method  worked  poorly,  chiefly  due 
to  difficulty  in  seeing  the  end-point,  which  is  indistinct.  But  it 
was  found  that  the  use  of  an  excess  of  bichromate  for  the  oxida- 
tion and  the  subsequent  determination  of  the  excess  by  iodometric 
titration  converts  the  Nicloux  procedure  into  an  exceedingly 
simple,  delicate,  and  satisfactory  method. 

After  the  oxidation  is  completed,  the  acid  is  rinsed  from  the 
large  test-tubes  in  which  the  aeration  and  absorption  of  ether 
take  place,  is  diluted  with  100  to  200  cc.  of  water,  an  excess 
(2  to  4  gm.)  of  KI  is  added,  and  the  liberated  iodine  is  titrated 
with  standard  thiosulfate  and  starch.  A  blank  titration  is 
made  with  the  same  amount  of  bichromate  solution  and  acid, 
the  difference  representing  the  chromic  acid  used  for  the  oxida- 
tion of  the  ether.  Each  molecule  of  ether  required  4  atoms  of 
ox^'gen,  and  1  cc.  of  0.1  n  iodine  is  therefore  equivalent  to  0.926 
mg.  of  ether. 

The  accuracy  of  the  method  based  on  the  above  reactions 
requires  that  the  oxidation  to  acetic  acid  be  quantitative,  and 
that  no  further  oxidation  of  acetic  acid  take  place.  Our  expe- 
rience has  shown  that  these  requirements  are  met  only  under 
certain  conditions.  The  use  of  concentrated  sulfuric  acid  favors 
completeness  of  absorption  of  ether  vapor,  and  increases  the  rate 
of  oxidation,  and  at  room  temperature  there  is  little  or  no  further 
oxidation  of  acetic  acid.  But  at  higher  temperatures  with  con- 
centrated acid  some  acetic  acid  is  oxidized,  and  the  amount  of 
bichromate  reduced  is  correspondingly  great.     Even  the  rise  of 
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temperature  resulting  from  dilution  of  the  concentrated  acid 
by  the  addition  of  bichromate  solution  or  of  water  may  lead  to 
results  which  are  a  few  per  cent  too  high.  That  these  high  re- 
sults are  due  to  oxidation  of  acetic  acid  to  CO2  was  indicated  by 
passing  the  air,  after  removing  the  ether  in  concentrated  sulfuric 
acid  bichromate  mixture,  through  barium  hydroxide  solution, 
barium  carbonate  being  precipitated. 

This  observation  led  us  to  test  directly  the  oxidation  of  acetic 
acid  by  sulfuric  acid  and  bichromate.  Pure  acetic  acid  was  dis- 
tilled from  sulfuric  acid  and  bichromate.  The  material  thus 
prepared  did  not  reduce  chromic  acid  in  concentrated  H2SO4 
in  the  cold,  but  there  was  some  reduction  when  heated  to  boiling, 
as  shown  in  Table  I. 

TABLE  I. 

Oxidation  of  5  Cc.  of  Approximately  n  Acetic  Acid  by  Concentrated 
HiSOi  +  Bichromate. 

Heated 
Condition.  27°C.'        100=C.      Icebox.*     27»C.-    I  R^^'^inder 

27°C. 


Allowed  to  stand,  hrs. 


Amount  of  bichromate  reduced, 
cc.  of  0.1  N 


27''C.* 

100°C. 

Ice  box.* 

27°C.* 

1 

1 

24 

24 

0.1 

14.0 

0.1 

0.0 

0.0 

12.3 

0.0 

'    0.0 

0.05 

11.8 

0.0 

24 


9.0 
11.4 


*  The  tubes  were  kept  cold  while  mixing  the  H2SO4  and  acetic  acid 
solution  and  during  dilution  with  water  preliminary  to  titration. 


It  will  be  noted  that  at  temperatures  below  27°C.  the  acetic 
acid  remained  unoxidized  in  the  presence  of  the  sulfuric  acid 
bichromate  mixture  even  after  24  hours. 

During  the  process  of  aeration  the  tubes  of  sulfuric  bichromate 
mixture  in  which  the  ether  is  collected  become  hot,  due  partly 
to  the  heat  of  reaction,  and  partly  to  the  heat  generated  by  the 
absorption  of  water.  This  initial  high  temperature  was  thought 
to  be  the  cause  of  the  formation  of  small  amounts  of  CO2  observed. 
The  following  experiment  was  conducted,  keeping  the  tempera- 
ture of  the  acid  low  by  placing  the  tubes  in  an  ice  and  salt  bath. 
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After  passing  through  the  acid  the  air  was  tested  for  CO2  by 
passage  through  a  tube  containing  Ba(0H)2  solution.  Another 
set  of  determinations  was  made,  identical  except  that  there  was 
no  control  of  temperature  of  the  chromic  acid  mixture.  The 
results  are  given  in  Table  II. 

TABLE  II. 

Production  of  CO2  by  Oxidalion  of  131  Mg.  of  Ether  by  Aeration  into  Con- 
centrated H^SOi  +  Bichromate. 


No. 

Period 
of  aera- 
tion. 

0.1  N 
thio- 

sulfatc 
used. 

Ether  found. 

BaCOs 

min. 

cc. 

mg. 

per  cent 

1 

Blank,  no  bichromate. 

20 

Trace. 

2 

"    ether. 

20 

152.1 

<< 

U               ((              « 

GO 

152.1 

None. 

3 

Ether,  bichromate  at  0°C. 

20 

61.1 

84.2 

64.3 

Trace. 

4 

"                "             no  tem- 
perature control. 

20 

5.1 

136.0 

103.8 

+  +  + 

It  is  evident  from  this  experiment  that  lowering  the  temperature 
stops  the  formation  of  CO2,  but  also  greatly  retards  the  oxidation 
to  acetic  acid,  only  64.5  per  cent  of  the  ether  being  oxidized  in 
the  tube  kept  at  0°C. 

By  allowing  sufficient  time  at  room  temperature,  the  oxidation 
of  ether  to  acetic  acid  is  complete,  and  by  preventing  the  initial 
rise  in  temperature  during  collection  of  the  ether  the  formation 
of  CO2  may  be  avoided.  Into  each  of  a  series  of  large  test-tubes 
there  were  measured  10  cc.  of  a  water  solution  containing  by 
weight  20.8  mg.  of  ether.  Each  tube  was  aerated  for  20  minutes 
into  the  same  amounts  of  sulfuric  bichromate  solution,  the  acid 
tubes  being  kept  in  an  ice  and  salt  bath.  The  tubes  were  then 
removed  and  brought  at  once  to  room  temperature  by  placing 
in  warm  Avater,  and  were  diluted  and  titrated  after  varying  in- 
tervals of  time.  The  results  are  shown  in  Table  III.  It  appears 
from  these  data  that  ether  may  be  completely  oxidized  to  acetic 
acid  without  the  formation  of  CO2  if  collected  cold  and  allowed 
to  stand  for  3  hours  at  room  temperature.  It  was  found, 
however,  that  even  though  kept  cool  during  the  process  of  collec- 
tion the  sudden  rise  in  temperature  on  washing  from  the  test- 
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tube  and  dilution  for  titration,  caused  further  oxidation.  This 
could  be  avoided  by  conducting  the  dilution  slowly  under  a 
stream  of  cold  water.  High  results  were  more  frequently  noticed 
when  large  quantities  of  ether  were  oxidized.  To  avoid  errors 
arising  from  this  source,  collection  was  conducted  in  concentrated 
sulfuric  acid  which  was  diluted  to  40  per  cent  and  cooled  before 
the  addition  of  bichromate.     The  mixture  was  then  heated  in  a 


TABLE  III. 

Time  Required  for  Oxidation  of  Ether  at  Room   Temperature  in 
Concentrated  HnSOi. 

Aeration  into  cooled  concentrated  sulfuric  chromic  acid. 


Time. 

Tfaiosulfate  used. 

Ether  found. 

Etlier. 

mg. 

per  cent 

10  min. 

18.5 

17.6 

84.4 

20    " 

18.7 

17.8 

85.4 

30    " 

19.3 

18.4 

88.4 

50    " 

21.3 

20.3 

97.5 

60    " 

21.0 

20.0 

96.1 

70    " 

20.8 

19.8 

95.2 

1  hr.  30  min. 

21.3 

20.3 

97.5 

1  "     30     " 

21.4 

20.4 

98.0 

■     2  hrs. 

21.6 

20.5 

98.5 

2    " 

21.6 

20.5 

98.5 

3    " 

21.7 

20.7 

99.5 

4    " 

22.5 

21.4 

102.8 

4    " 

21.8 

20.8 

100.0 

24    " 

21.7 

20.7 

99.5 

24    " 

21.7 

20.7 

99.5 

12    "    ice  box. 

19.3 

18.4 

88.4 

water  bath  to  just  below  boiling  for 
modifications  the  results  are  accurate 
Nicloux  appears  not  to  have  had  the 
tion  to  COo.  When  50  per  cent  sulfmic 
the  oxidation  evidently  stops  with  the 
But  with  acid  of  this  strength  boiling  is 
oxidation  to  acetic  acid.  Table  IV  is  a 
to  test  this  point. 


30  minutes.  With  these 
to  wuthin  ±  2  per  cent, 
difficulty  of  partial  oxida- 
acid  is  used  for  collection 
formation  of  acetic  acid, 
necessary  to  complete  the 
protocol  of  an  experiment 
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TABLE  IV. 

Effect  of  Heating  Ether  in  50  Per  Cent  Sulfuric  Acid  Bichromate  Mixture. 

10  cc.  portions  of  solution  containing  19.4  mg.  of  ether  were  aerated 
through  three  tubes,  each  containing  10  cc.  of  50  per  cent  H2SO4  solution 
of  bichromate. 


No. 

Ether  de- 
termined. 

Ether 
recovered. 

Conditions  of  experiment. 

mg. 

per  cent 

1 

16.0 

82.5 

Titrated  20  min.  after  aeration  at  room 
temperature. 

2 

18.9 

97.5 

Allowed  to  stand  in  water  bath  at  100°  30  min. 
before  titration. 

3 

19.45 

100.3 

U                                      ii                                     11 

4 

19.52 

100.7 

Heated  to  boiling  over  free  flame  for  5  min. 
Allowed  to  stand  30  min.  in  boiling  water 
before  titration. 

5 

19.43 

100.2 

Heated  to  boiling,  allowed  to  cool,  and  heated 
again.  Allowed  to  stand  30  min.,  then 
titrated. 

6 

19.35 

99.7 

Boiled  for  3  min.  over  free  flame  and  titrated 
when  cool. 

A  known  amount  of  ether,  19.4  mg.,  was  aerated  into  tubes  con- 
taining a  solution  of  potassium  bichromate  in  50  per  cent  sulfuric 
acid.  Three  tubes  were  used  in  series  to  insure  complete  col- 
lection. Between  3  and  5  per  cent  of  the  total  ether  was  found 
in  the  second  tube  of  the  series,  and  with  a  single  exception  a 
trace  was  always  found  in  the  third.  One  may  therefore  collect 
the  ether  in  at  least  three  tubes  of  50  per  cent  sulfuric  acid  con- 
taining bichromate  and  heat  each  to  boiling  to  complete  the 
oxidation;  or  absorb  the  ether  in  one  tube  of  concentrated  acid, 
subsequently  dilute  it  with  water  to  40  or  50  per  cent,  add  a 
carefullj''  measured  amount  of  bichromate  solution,  and  heat  to 
boiling  or  in  a  boiling  water  bath  for  30  minutes.  In  either  case 
the  solution  is  finally  cooled,  rinsed  into  a  flask,  and  diluted  be- 
fore adding  the  iodide.  The  end-points  of  the  titration  are  sharp 
and  definite.  We  have  more  frequently  used  the  second  pro- 
cedure stated  above. 

The  accuracy  of  the  results  in  the  tables  is  based  upon  weighed 
amounts  of  pure  ether  dissolved  in  water,  in  air,  and  in  blood. 
The  ether  used  was  especialh'  purified  for  the  purpose  and  care- 
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fully  tested  by  the  laboratory  of  the  Mallinckrodt  Chemical 
Company.  It  gave  no  test  for  aldehyde,  peroxide,  alcohol,  or 
acetic  acid. 

The  method  of  preparing  and  of  measuring  known  solutions  of 
ether  was  the  following.  Samples  of  the  ether  were  sealed  in 
tared  glass  bulbs  and  weighed.     These  were  dropped  in  long  necked 

TABLE  V. 
Determination  of  Ether  in  Water. 
Aeration  into  one  tube  of  concentrated  H2SO4  (see  p.  748). 


No. 

Amount  of 
solution. 

Amount  of  ether  in  sample. 

Variation 
from  known. 

By  weight. 

By  analyses. 

cc. 

my. 

mg. 

per  cent 

1 

10 

30.24 

30.12 

-0.4 

2 

10 

30.24 

30.12 

-0.4 

3 

10 

30.24 

30.70 

+1.52 

4 

5 

15.12 

14.81 

-2.05 

5 

5 

15.12 

15.32 

+  1.32 

6 

5 

15.12 

15.01 

-0.73 

7 

0 

8.44 

8.30 

-1.66 

8 

5 

8.44 

8.35 

-1.07 

9 

5 

8.44 

8.42 

-0.24 

10 

5 

5.68 

5.78 

+  1.76 

11 

5 

5.68 

5.80 

+2.11 

12 

5 

5.68 

5.71 

+0.53 

13 

10 

15.55 

15.25      ' 

-1.93 

14 

10 

15.55 

15.65 

+0.64 

15 

10 

15.55 

15.32 

-1.48 

16 

10 

15.55 

15.67 

+0.77 

17 

5 

3.85 

3.81 

-1.04 

18 

5 

3.85 

3.92 

+  1.82 

19 

5 

3.85 

3.80 

-1.30 

.    20 

5 

3.85 

3.88 

+  0.78 

Maximum  er 

ror,  per  cent. . . 

±2.11 

flasks  nearly  filled  with  water  (or  blood)  and  broken  by  shaking 
against  the  side.  The  ether  quickly  dissolved  in  the  large  excess 
of  liquid.  The  long  neck  of  the  flasks  prevented  appreciable 
diffusion  into  the  air  while  samples  were  being  measured.  Pipettes 
used  for  measuring  were  calibrated  between  two  points  on  the 
stem  so  that  the  part  of  the  solution  in  contact  with  the  air  could 
be  rejected.     Table  V  is  a  tabulation  of  the  results  obtained  with 
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solutions  of  ether  in  water  by  the  second  procedure  described 
above.     The  maxiniuni  error  is  ±  2  per  cent. 

Determinations  of  ether  in  blood  are  complicated  by  foaming. 
Volatile  antifoaming  substances  reduce  bichromate  so  it  is  neces- 
sary to  cany  on  the  aeration  without  their  use.  Since  the  dis- 
tribution coefficient  of  ether  for  blood  and  air  is  low  it  has  been 
found  that  by  using  a  flask  with  a  large  surface  over  which  the 
blood  is  spread  and  aerating  over  the  surface,  the  ether  is  en- 
tirely removed  in  a  remarkably  short  time.  90  per  cent  is  re- 
moved in  the  first  30  minutes  and  in  from  l^  to  2  hours  every 

TABLE  VI. 

Ether  in  Blood. 

Ether  was  weighed  in  a  thin  glass  ampule,  placed  in  a  flask  containing 
blood,  and  broken  by  shaking  against  the  wall  of  the  flask. 


No. 

Amount 

of  blood  used  for 

analysis. 

Amount  of  ether  in  sample. 

Variation 
from  known. 

By  weight. 

By  analysis. 

cc. 

mj. 

mg 

per  cent 

1 

2 

1.862 

1.872 

+  0.54 

2 

2 

1.862 

1.841 

-1.13 

3 

3 

2.793 

2.753 

-1.43 

4 

3 

2.793 

2.786 

-0.25 

5 

5 

4.655 

4.655 

0.0 

6 

5 

4.655 

4.621 

-0.73 

7 

2 

4.322 

4.296 

-0.60 

8 

2 

4.322 

4.372 

+  1.17 

9 

5 

10.805 

10.516 

-2.67 

10 

5 

10.805 

10.913 

+  1.00 

Maximum  er 

ror,  per  cent.. . 

±2.68 

trace  is  removed.  Oxalate  should  be  added  to  prevent  clotting 
and  if  added  in  excess  tends  to  make  the  ether  less  soluble  in 
blood  and  so  facilitates  its  removal  by  aeration.  Warming  the 
flasks  and  occasional  rotation  greatly  hasten  the  process. 

Aeration  of  a  sample  of  blood  containing  no  ether  showed  no 
volatile  substances.^  Determinations  on  blood  are  given  in 
Table  VI.     The  maximum  error  is  d=  2.68  per  cent. 

2  Alcohol  if  present  would  be  aerated  into  the  sulfuric  acid  and  oxidized. 
The  distribution  ratio  of  alcohol  at  room  temperature  is,  however,    so 
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The  determination  of  ether  in  air  was  accomplished  in  the 
following  way.  From  the  partial  pressure  of  ether  in  air  over 
pure  ether,  which  is  known  (15)  for  various  temperatures,  and 
assuming  ether  to  follow  the  gas  laws,  the  amount  of  ether  in  a 
sample  of  such  air  was  estimated.  Samples  of  this  ether-air 
mixture  were  measured  over  mercury,  diluted  with  a  measured 
volume  of  air,  and  forced  out  of  the  burette  slowly  through  sul- 
furic acid  which  collected  the  ether.  Determinations  were  com- 
pleted in  the  usual  way.     Dry  air  was  used  and  the  whole  proce- 

TABLE  VII. 
Ether  in  Air. 

Air  containing  by  calculation  80.5  mg.  per  100  cc.  was  drawn  into  a 
sampling  tube  over  mercury  and  diluted  to  ten  times  its  volume  so  that 
100  cc.  contained  8.05  mg.  of  ether.  Measured  amounts  of  this  air  were 
analyzed. 


No. 

Amount  of  air. 

Amount  of  ether  in  sample. 

Variation 
from  known. 

Calculated. 

Determined. 

cc. 

mj. 

■mj. 

per  cent 

1 

50 

4.025 

3.955 

-1.74 

2 

50 

4.025 

4.027 

+0.05 

3 

100 

8.05 

8.211 

+2.00 

4 

100 

8.05 

8.002 

-0.60 

5 

200 

16.10 

16.338 

+  1.48 

6 

200 

16.10 

16.001 

-0.61 

7 

300 

24.15 

24.39 

+0.99 

8 

300 

24.15 

23.440 

-1.20 

Maximum  er 

ror,  per  cent. .. 

±2.00 

dure  done  at  room  temperature.  The  results  obtained  (Table 
VII)  indicate  also  that  ether  vapor  conforms  to  the  gas  laws  at 
the  temperatures  used.  The  maximum  error  in  the  deter- 
minations was  ±2.0  per  cent. 


different  from  ether  that  the  two  may  be  roughly  separated  by  aeration. 
If  both  are  present  in  about  equal  amounts  a  period  of  aeration  which 
completely  removes  the  ether  carries  over  only  5  or  10  per  cent  of  the 
alcohol.  Acetone  is  not  oxidized  under  the  conditions  of  the  determination 
and  does  not  interfere. 
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Distribution  Ratio  of  Ether  between  Water  and  Air. 

For  equilibrating  the  air  and  ether  solutions  the  method  em- 
ployed by  Briggs  and  Shaffer  (16)  for  determining  the  distribu- 
tion coefficient  of  acetone  in  an  air-water  system  was  employed. 
A  series  of  five  bottles  containing  the  same  concentration  of  ether 
was  placed  in  a  thermostat.  A  thermometer  in  the  last  bottle 
of  the  series  made  it  possible  to  register  the  temperature  at  that 
part  of  the  system  where  the  air  was  in  equilibrium  with  the 
solution.  This  bottle  was  also  connected  with  a  water  manometer 
so  that  the  pressure  within  the  system  when  the  air  was  flowing 
could  be  kept  at  atmospheric  pressure.  This  was  done  by  apply- 
ing just  enough  suction  at  the  outlet  to  balance  the  pressure  of 
the  inlet.  Description  and  diagram  of  this  apparatus  are  given 
in  the  paper  referred  to  (16). 

The  ether-air  mixture  was  passed  through  H2SO4  removing  the 
ether  which  was  determined  as  alreadj'  described.  The  volume 
of  air  remaining  was  measiu'ed  by  displacement  of  water.  The 
sum  of  the  volumes  of  air  and  ether  vapor  corrected  to  the  tem- 
perature and  pressure  of  the  final  equilibrating  bottle,  moist, 
gives  the  volume  of  gas  containing  the  ether.  The  ratio  between 
the  concentration  in  air  and  in  the  solution  is  the  distribution 
ratio  at  the  observed  temperature. 

Before  and  after  each  sample  of  air  was  measured  samples  of 
the  solution  were  taken  by  means  of  a  pipette  which  fitted  onto 
a  stop-cock.  The  pipette  was  calibrated  to  read  between  two 
points  so  the  top  laA'er  in  contact  with  the  air  was  alwaj^s  rejected. 

This  proved  to  be  a  very  practical  method  since  the  air  in 
passing  through  the  first  four  bottles  which  contained  large 
quantities  of  the  solution  came  to  equilibrium  with  regard  to  the 
ether  before  it  reached  the  final  bottle  from  which  the  samples 
were  made.  The  loss  of  ether  from  this  bottle  was  inappreciable 
over  long  periods  of  time,  making  it  possible  to  do  a  series  of 
experiments  at  different  temperatures  on  the  same  solution.  As 
soon  as  a  falling  off  in  the  ether  content  of  the  sample  bottle  was 
noted  the  solutions  were  renewed. 
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Example  of  Calculation. 

The  temperature  of  the  water  solution  of  ether  in  equihbrium 
with  air  was  37.6°C.  and  the  barometer  760  mm.  500  cc.  of  air, 
measured  at  a  temperature  of  30.4°C.  after  ether  had  been  re- 
moved, were  found  to  have  contained  26.60  mg.  of  ether.  The 
gases  in  equihbrium  with  solution  and  the  air  as  measured  are 
both  saturated  with  water.  The  solution  in  the  last  equilibrat- 
ing bottle  was  found  by  analysis  to  contain  773  mg.  of  ether 
per  liter. 

Assuming  ether  vapor  to  behave  as  a  perfect  gas,  a  gram-molecule, 
74.1  gm.  =  22.4  liters  at  0°C.  and  760  mm.  pressure,  or  1  mg.  =  0.3022  cc. 
When  moist,  at  37.6°C.  and  711.8  mm.  pressure  (760  —  vapor  tension  of  H2O 
at  37.6°),  the  conditions  of  equilibration, 

1  mg.  ether  =  0.3022  X  ^^^  't.^'^'^  X    -..J^^,.   ,  =  0-3f>''l  cc. 
2/3  760  —  4b.  2 

and  26.6  mg.  ether  occupied 

26.6  X  0.3671  =  9.76o  cc. 

The  500  cc.  of  air  measured  at  30.4°C.,  occupied  at  37.6°C.,  moist, 

500  X  ^^^  +  ^^-^  X  ^^Q  -  ^-^  -  593  3  cc 
^""  ^  273  +  30.4  ^  760  -  48.2  ~  ^^'^''^  ''^' 

And  the  total  vohune  of  moist  air  and  ether  vapor  was  523.3  +   9.76  = 

533.00  which  contained  at  37.6°C.,  26.60  mg.  of  ether  or  49.9  mg.  per  liter. 

773 

--— -  =  15.5  distribution  ratio  at  37.6°C. 
49.9 

Table  VIII  shows  the  distribution  of  ether  in  a  water-air  S3^stem 
at  different  temperatures  and  concentrations. 

The  distribution  ratio  for  blood  was  determined  on  defibrinated 
beef  blood,  dog  blood,  and  human  blood.  When  beef  blood  was 
used  the  method  of  equilibration  was  the  same  as  for  water.  With 
dog  and  hmnan  blood  equilibration  was  accomplished  in  a  sepa- 
ratory  funnel  in  a  thermostat.  The  air  was  measured  in  the  funnel 
and  forced  out  by  mercury  into  H2SO4  where  the  ether  was  col- 
lected and  later  analyzed.  A  sample  of  blood  was  taken  by  means 
of  a  pipette  and  analyzed  at  once.  Table  IX  shows  the  determi- 
nations obtained  on  blood. 

The  curves  constructed  from  these  data  are  given  in  Chart  1 
together  with  a  curve  based  on  the  partial  pressure  of  ether  in 
an  air-water  system  at  saturation.  Between  35  and  40°  the  data 
here  presented  check  with  those  recently  reported  by  Haggard 
(1).     Below  35°  our  ratios  are  somewhat  higher. 
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TABLE  VIII. 

Distribution  Ratios  for  Ether  in  a  Water-Air  System. 


No. 

Temperature. 

Amount  in  1  liter 
solution. 

Amount  in  1  liter 
air. 

a 
o 

^  "3 
°  .9 

•si 

a   o 

< 
K 

"C. 

mg. 

7ng. 

1 

12.2 

362.0 

6.82 

53.1 

2 

12.2 

362.0 

6.84 

53.0 

3 

12.2 

362.0 

6.81 

53.2 

10 

12.1 

2,200.0 

41.50 

53.0 

11 

12.15 

2,200.0 

41.70 

52.8 

12 

12.2 

2,200.0 

41.40 

53.2 

4 

16.0 

362.0 

7.72 

46.9 

5 

16.0 

362.0 

7.69 

47.1 

6 

16.0 

362.0 

7.70 

47.0 

13 

16.3 

2,200.0 

46.80 

47.0 

14 

16.3 

2,200.0 

47.20 

46.7 

15 

16.3 

2,200.0 

47.20 

46.7 

16 

18.2 

2,200.0 

51.20 

43.0 

17 

18.2 

2,200.0 

51.00 

43.2 

6 

20.0 

362.0 

9.16 

39.5 

7 

20.5 

362.0 

9.05 

40.0 

8 

20.2 

362.0 

9.29 

39.0 

9 

25.8 

362.0 

12.12 

29.8 

18 

28.0 

780.0 

29.80 

26.2 

19 

31.0 

780.0 

36,30 

21.5 

23 

31.0 

780.0 

36.20 

21.5 

24 

33.5 

672.0 

34.85 

19.3 

25 

33.0 

672.0 

34.65 

19.4 

20 

35.5 

780.0 

46.40 

16.8 

26 

36.6 

350.0 

21.60 

16.2 

27 

37.5 

350.0 

22.16 

15.8 

31 

37.6 

773.0 

49.90 

15.5 

28 

38.5 

350.0 

23.30 

15.0 

29 

39.0 

381.0 

26.80 

14.2 

21 

40.0 

780.0 

55.60 

14.0 

22 

40.0 

780.0 

55.60 

14.0 

30 

40.0 

420.0 

29.90 

14.0 
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As  a  check  on  the  theoretical  curve  (Chart  1)  and  therefore 
on  the  measured   curves,   since  these  agree  fairly  closely,   the 

TABLE  IX. 
Distribution  Ratios  for  Ether  in  a  Blood-Air  System. 


o 

3 

a 

Kind  of  blood 
(defibrinated). 

Temperature. 

Amount  in 
IGO  cc.  blood. 

Amount  in 
100  cc.  air. 

a 
s 
o 

a 
< 

3 

o 

e 

o 

w    - 

°C. 

mj. 

my. 

Beef. 

20.0 

120.2 

3.49 

34.5 

25.3 

120.2 

4.52 

26.6 

27.0 

120.2 

4.85 

24.8 

28.5 

120.2 

5.36 

22.4 

35.0 

120.2 

7.51 

16.0 

37.0 

120.2 

8.05 

14.9 

39.0 

120.2 

8.89 

13.5 

39.2 

87.9 

6.49 

13.5 

38.0 

87.9 

6.27 

14.0 

37.2 

87.9 

6.15 

14.3 

36.5 

87.9 

5.98 

14.7 

32.0 

87.9 

4.78 

18.4 

30.0 

87.9 

4.33 

20.3 

23.5 

87.9 

2.97 

29.6 

Human. 

37.5 

123.62 

8.34 

14.8 

37.0 

123  A 

8.27 

14.9 

37.0 

97.23 

6.45 

15.0 

37.0 

84.61 

5.72 

14.7 

36.5 

156.34 

10.31 

15.2 

36.8 

58.42 

3.82 

15.3 

Dog. 

39.0 

216.21 

15.65 

13.8 

39.3 

132.81 

9.78 

13.6 

38.9 

103.5 

7.60 

13.6 

39.2 

109.6 

8.37 

13.1 

39.0 

74.2 

5.50 

13.5 

vapor  pressure  over  mutually  saturated  solutions  of  ether   + 
water  was  determined.     The  total  vapor  pressure  is  composed 


756 


Ether  Anesthesia.     I 


of  two  coinponents,  water  and  ether  vapor.  The  partial  pressure 
of  ether  over  this  solution  should  be  less  than  that  over  pure 
ether  by  an  amount  equal  to  the  molecular  lowering  due  to  water 
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Chart  1.  Distribution  curve  of  ether  in  an  air-water  system  calculated 
from  the  determined  partial  pressure  of  ether  at  saturation  for  different 
temperatures. 

•  represents  observed  distribution  coefficients  of  dilute  solutions  of 
ether  in  an  air-water  system. 

X  represents  distribution  coefficients  observed  in  an  air-blood  system. 
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dissolved  in  the  ether  layer.  In  so  far  as  water  and  ether  form 
ideal  solutions,  this  would  be  proportional  to  the  concentration 
of  the  water  in  the  ether  layer.  Thus  the  partial  pressure  of 
ether  over  saturated  solutions  as  calculated  from  the  concentra- 
tion and  the  partition  coefficients  for  dilute  solutions  should  agree 
with  measured  values  of  vapor  pressure  over  mutually  saturated 
solutions  of  ether  and  water  minus  the  vapor  pressure  of  water. 
The  molecular  lowering  of  the  water  vapor  pressure  due  to  the 
presence  of  ether  is  negligible  as  demonstrated  later.  Charrt  2 
gives  the  measured  (Curve  2)  and  computed  values  (crosses). 
That  these  do  agree  is  a  check  on  the  measurements  of  the  parti- 
tion coefficients. 

The  determination  of  the  vapor  pressure  over  saturated  solu- 
tions was  measured  by  enclosing  a  solution  of  ether  and  water 
with  an  excess  of  ether  in  a  separatory  funnel  connected  with  a 
mercury  manometer.  The  air  was  carefully  boiled  off,  the  whole 
apparatus  brought  to  the  desired  temperature  in  a  thermostat, 
and  the  pressure  read  at  different  temperatures.  The  mixture 
was  agitated  by  a  splasher  kept  in  motion  by  means  of  an  electro- 
magnet on  the  outside  of  the  glass  separatory  funnel,  the  splasher 
forming  the  armature,  the  current  being  interrupted  by  a  pendu- 
Imn  operated  magnetically  in  the  same  circuit. 

On  Chart  2  is  also  drawn  a  theoretical  curve  (Curve  5)  for  the 
molecular  lowering  of  the  ether  partial  pressure  due  to  the  presence 
of  water.  This  is  computed  from  the  formula  for  thermodynami- 
cal  molecular  lowering  (17).  The  reason  for  the  observed  lower- 
ing being  less  than  the  expected  is  not  explained  and  is  being 
further  investigated.  Whether  this  is  due  to  polimerization  or 
to  adsorption  and  surface  activity,  dilute  solutions  would  be  ex- 
pected more  nearly  to  approach  the  theoretical  curve  than  those 
observed  for  saturated  solutions.  The  lowering  of  the  vapor 
pressure  would  be  proportionally  greater  at  saturation  and  the 
distribution  ratios  corresponding  to  those  values  would  be  even 
higher  than  those  computed  at  saturation  and  not  lower,  as 
indicated  by  Haggard's  results  (1). 

As  a  check  on  the  accuracy  of  these  curves,  vapor  from  a 
mutually  saturated  solution  of  ether  and  water  was  estimated  by 
determination  of  the  saturation  temperature  of  the  ether;  that 
is,  the  temperature  at  which  the  ether  became  cloudy  due  to 


"30":  ^^TT  50^ 

lemperature 


Chart  2.  Curve  1,  observed  vapor  pressure  over  mutually  saturated 
ether-water  mixture  at  different  temperatures.  Curve  2,  Curve  1  minus 
the  vapor  tension  of  water  at  temperature  observed.  Represents  the  partial 
pressure  of  ether.  Curve  3,  vapor  pressure  of  ether  over  ether  at  different 
temperatures  plus  the  vapor  tension  of  water  at  the  same  temperature.  The 
space  between  Curves  1  and  3  represents  the  lowering  of  the  vapor  tension 
due  to  dissolved  substances.  Since  the  lowering  of  the  water  vapor  tension 
is  negligible  this  amount  is  equal  to  the  lowering  of  the  vapor  tension  of 
ether.  Curve  4,  vapor  pressure  of  ether  over  ether  at  different  tempera- 
tures. Curve  5,  vapor  pressure  of  ether  calculated  from  the  theoretical 
lowering  due  to  the  water  in  the  ether-water  layer,  which  would  hold  for 
ether  over  water-ether  layer  since  they  are  in  equilibrimn. 

The  crosses  represent  the  partial  pressure  of  ether  at  saturation  calcu- 
lated from  the  distribution  ratios  determined  on  dilute  solutions. 
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separation  out  of  the  water  (the  so  called  "synthetic  method" 
of  determining  solubility).  From  the  solubility  tables  of  water 
in  ether  the  percentage  water  in  the  solution  was  estimated. 
The  result  showed  that  the  partial  pressure  of  ether  as  estimated 
was  equal  to  that  observed.  This  would  be  expected  theoreti- 
cally from  the  formula  for  the  molecular  lowering.  The  lowering 
of  the  vapor  tension  of  water  would  be  so  small  that  it  is  safe 
to  neglect  it  and  to  assume  the  vapor  tension  of  water  to  be  the 
same  as  over  water  at  that  temperature. 

SUMMARY. 

1.  A  modification  of  the  Nicloux  method  for  the  determination 
of  ether  is  presented  consisting  of  absorption  in  H2SO4,  dilution 
of  the  acid  to  40  per  cent,  and  oxidation  to  acetic  acid  by  the 
addition  of  bichromate,  the  excess  of  which  is  determined  by 
iodometric  titration.  The  accuracy  of  the  method  for  the  analy- 
sis of  air,  water,  and  blood  is  dz  2  or  3  per  cent. 

2.  Although  a  small  proportion  of  ether  tends  to  be  oxidized  to 
CO2  in  strong  H2SO4  bichromate  solution,  conditions  may  be  con- 
trolled by  proper  regulation  of  strength  of  acid  and  control  of  tem- 
perature so  that  oxidation  stops  with  a  quantitative  formation  of 
acetic  acid. 

3.  The  distribution  coefficients  of  ether  for  air-water  and  air- 
blood  have  been  deteraiined  and  agree  with  data  obtained  from 
partial  pressure  curves  of  ether  in  an  ether-water  mixture  at  satu- 
ration. These  data  form  the  necessary  preliminaries  to  the  deter- 
mination of  the  anesthetic  concentration  of  ether,  which  is  taken 
up  in  the  following  paper. 
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ETHER  ANESTHESIA. 
II.    ANESTHETIC  CONCENTRATION  OF  ETHER  FOR  DOGS.* 

By  ETHEL  RONZONI. 

(From  the  Lahoratorij  of  Biological  Chemistry,  Washington  University  School 
of  Medicine,  St.  Louis.) 

(Received  for  publication,  July  23,  1923.) 

A  review  of  the  determinations  of  the  anesthetic  tension  of 
ether,  reported  by  various  investigators,  shows  large  discrepan- 
cies in  the  results  obtained.  Data  compiled  from  the  literature 
are  given  in  Table  I,  according  to  which  the  lowest  concentration 
of  ether  vapor  which  has  been  found  to  produce  or  maintain 
anesthesia  in  man  and  other  animals  varies  from  about  2  to  10 
volumes  per  cent.  If  ether  vapor  is  absorbed,  as  first  pointed 
out  by  Snow  in  1848,  by  simple  diffusion,  the  concentration  of 
ether  in  blood  must  vary  in  direct  proportion  with  its  concentra- 
tion in  the  lung  air — according  to  these  results,  a  fivefold  varia- 
tion. But  Nicloux  working  on  dogs  found  that  the  margin  be- 
tween the  anesthetic  concentration  in  the  blood  and  that  causing 
respiratory  failure  was  small;  105  to  110  mg.  of  ether  per  100  cc. 
being  the  anesthetic  value  and  160  to  170  mg.  causing  respiratory 
failure. 

If  we  calculate  the  concentration  of  ether  in  air  which  would 
be  in  diffusion  equilibrium  with  the  Nicloux  values  at  37.5°C., 
using  a  distribution  ratio  of  15  (1,  2),  we  obtain  the  following. 

Anesthetic  concentration : 
0.110  per  cent  in  blood  o  2.52  vols,  per  cent  in  air,  or  19.2  mm.  tension. 

Fatal  concentration : 
0.170  per  cent  in  blood  —  3.9  vols,  per  cent  in  air,  or  29.7  mm.  tension. 

In  marked  contrast  with  these  values  are  the  results,  for 
example,  of  Boothby  (3),  who  finds  that  about  6.7  volumes  per 
cent  or  51  mm.  tension  is  the  optimum  concentration  for  surgical 
anesthesia  of  human  subjects  with  the  Connell  apparatus. 

*  Conducted  with  the  aid  of  a  grant  from  ISIr.  Edward  Mallinckrodt,  Jr. 
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Assuming  absorption  to  be  ])y  simple  diffusion  and  accepting 
Nicloux's  value  as  to  the  fatal  blood  concentration,  it  is  evident 
that  dogs  would  die  from  breathing,  without  dilution,  the  con- 
centration prescribed  by  Boothb}-.  The  fact  that  the  anesthe- 
tization of  human  patients  with  such  ether-air  mixtures  is  a 
relatively  safe  procedure,  shows  that  there  are  large  errors  in 
the  data  or  in  the  reasoning,  and  the  matter  obviously  requires 
further  investigation. 

The  discrepancies  in  the  results  of  different  workers  for  the 
anesthetic  concentration  of  ether  maj^  be  due  to  a  number  of 
causes:  (1)  Errors  in  the  methods  of  collecting  and  sampling  the 
air  for  analysis;  (2)  unreliable  methods  for  determination  of 
ether;  and  (3)  variations  in  the  depth  of  anesthesia. 

Spenzer  (7)  filled  his  spirometer  by  aspirating  into  it  a  known 
quantity  of  ether.  From  the  volimie  of  the  spirometer  he  cal- 
culated the  percentage  composition  of  the  mixture.  Later  he 
analyzed  a  sample  of  the  gas  by  passing  a  known  volume  over  a 
glowing  coil  of  copper  oxide.  The  air,  after  passing  over  calcium 
chloride  to  remove  the  moisture,  was  passed  through  caustic  alkali 
where  the  CO2  was  absorbed  and  then  through  sulfuric  acid 
to  insure  complete  drying.  From  the  amount  of  CO2  formed 
during  combustion  he  calculated  the  amount  of  ether  oxidized. 
The  amount  of  ether  found  by  analysis  was  much  smaller  than 
that  calculated.  The  discrepancy  he  considered  due  to  absorp- 
tion of  ether  by  the  water  on  the  sides  of  the  spirometer. 

Dreser  (8)  analyzed  in  a  Hempel  apparatus  the  gas  collected 
from  a  gas  mask,  assuming  this  to  be  the  same  as  alveolar  air. 
Alcohol  was  used  in  the  absorption  bulb  and  water  as  a  leveling 
liquid,  the  water  removing  the  alcohol  vapor.  However,  the 
water  would  also  absorb  some  of  the  ether  before  the  gas  could 
be  measured,  furnishing  another  source  of  error.  Kochmann 
(16)  modified  this  method  using  a  Bunta  burette  and  mercury  for 
leveling  medium.  After  removing  the  ether  by  washing  the 
burette  several  times  with  alcohol  and  washing  out  the  alcohol 
with  water,  the  volume  of  the  measm-ed  gas  was  taken  over  the 
water  used  for  the  final  washing,  correction  being  made  for  the 
height  of  the  water  column.  Kochmann  (16)  also  tried  to  ab- 
sorb ether  with  paraffin.  The  absorption,  however,  was  so  slow 
that  unless  the  ether  containing  air  was  shaken  with   the  oil, 
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it  was  impossible  to  remove  all  the  ether.     The  air  bubbles  re- 
maining in  the  oil  made  accurate  readings  impossible. 

Waller  and  coworkers  (17)  estimated  the  per  cent  of  ether  by- 
means  of  a  gas  balance.  Boothb}^  (3)  made  use  of  a  gas  balance 
for  determining  the  percentage  of  ether  as  delivered  by  the 
Connell  (18)  apparatus  and  used  the  results  obtained  from  the 
calibrated  apparatus  in  his  estimations.  Boothby  assumes  the 
air  delivered  by  the  apparatus  to  be  the  same  as  the  alveolar 
air  of  the  sul^ject.  Since  there  is  no  valve  used  at  the  outlet 
for  exhaled  air  it  seems  probable  that  some  air  not  containing 
ether  would  be  drawn  in  through  the  unprotected  opening  for 
expired  air.  This  objection  would  apply  to  masks  as  well  as  to 
the  tracheal  tube. 

Nicloux  (12)  and  van  Leeuwen  (15)  analyzed  blood  for  ether, 
both  using  the  method  of  Nicloux.  Their  results  are  in  substan- 
tial agreement.  None  of  these  investigators  with  the  exception 
of  van  Leeuwen  made  any  attempt  to  measure  the  depth  of 
anesthesia. 

In  this  paper  we  present  data,  obtained  on  dogs,  as  to  the 
amounts  of  ether  in  blood  and  in  air  breathed  during  various 
degrees  of  anesthesia. 

The  problem  of  furnishing  a  mixture  of  ether  and  air  of  the  ■ 
same  concentration  over  long  periods  of  time,  and  at  the  same 
time  a  method  by  which  this  concentration  might  be  varied  at 
will,  presented  some  difficulties.  The  Connell  (18)  apparatus  is 
an  ingenious  device  for  this  purpose  and  as  calibrated  by  Boothby 
(3)  seems  to  be  accurate.  One  of  these  was  not  available  and  it 
was  thought  doubtful  if  it  could  be  relied  upon  for  the  accuracy 
desired. 

When  air  is  bubbled  through  liquid  ether,  it  becomes  saturated 
with  ether  vapor  and  contains  a  definite  concentration  depending 
upon  the  temperature  of  the  liquid  ether.  Due  to  the  heat 
required  for  vaporization  the  temperature  is  so  rapidly  reduced 
that  it  is  impossible  to  keep  the  ether  at  a  constant  temperature 
even  in  a  thermostat.  If  air  saturated  with  ether  at  a  tempera- 
ture slightly  above  0°  is  passed  through  a  series  of  flasks  kept  at 
0°  enough  of  the  ether  will  be  condensed  to  leave  an  atmosphere  in 
which  the  partial  pressure  of  ether  is  that  existing  at  0°.  As  a 
small  amount  of  ether  is  being  condensed  in  the  first  flask  there 
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is  a  tcTidcncy  to  raise  the  temperature.  However,  since  only  a 
relatively  small  amount  will  be  condensed  the  effect  on  the  tem- 
perature will  be  slight  and  the  last  flask  of  the  series  can  be  kept  at 
a  temperature  of  0°C.  by  the  use  of  an  ice  and  salt  bath  for  hours 
with  little  trouljlc  and  insignificant  fluctuations. 

The  air  with  a  constant  partial  pressure  of  ether  is  admitted 
into  a  mixing  chamber  where  it  is  diluted  to  the  desired  concen- 


FlG.   1. 

tration.  This  chamber  is  large  enough  to  equalize  any  slight 
fluctuations  arising  from  changes  in  air  pressure.  The  chamber 
is  kept  in  a  water  bath  on  a  hot-plate  which  raises  the  tempera- 
ture of  the  mixture  to  about  room  temperature  between  22  and 
2.5°C.  A  small  amount  of  water  in  the  bottom  of  the  mixing 
chamber  keeps  the  air  saturated  with  water  vapor.  This  water 
soon  becomes  saturated  with  ether  so  there  is  no  observable  effect 
on  the  ether  tension. 

Fig.  1  shows  the  apparatus  used  for  this  purpose.     To  regulate 
the  rate  of  flow  through  the  ether  systems,  air  under  pressure 
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is  admitted  at  a.  A  water  trap,  A,  is  placed  at  the  entrance  of 
the  system  and  the  height  of  the  column  of  water  above  the  out- 
let regulates  the  flow  of  air  through  the  ether.  This  is  changed 
by  raising  or  lowering  the  tube.  The  air  pressure  is  always  kept 
great  enough  to  keep  air  bubbling  slowly  through  the  trap,  fluctua- 
tions on  the  air  line  being  thus  compensated  for.  Variations 
are  between  8  to  10  mm.  of  water  and  the  size  of  the  mixing 
chamber  equahzes  these.  The  height  of  the  water  column  con- 
trolling the  amount  of  air  passing  through  the  ether  is  calibrated 
in  centimeters  as  measured  on  scale  B.  The  air  under  pressure  con- 
trolled by  the  trap  passes  through  liquid  ether  in  C  where  it  becomes 
saturated.  The  ether  in  flask  C  is  kept  at  a  constant  height 
from  a  supph^  flask,  E,  which  is  connected  by  means  of  two  glass 
tubes,  one  extending  to  the  bottom  of  the  flask  C,  the  other  to 
the  desired  level  of  the  ether  and  to  the  bottom  of  the  inverted 
flask  E.  The  ends  of  these  tubes  extending  into  flask  C  are  pro- 
tected from  bubbles  of  air  bj-  being  drawn  out  to  capillaries  and 
turned  up.  T\Tien  the  ether  falls  below  the  level  of  the  tube 
air  enters  the  flask  E  forcing  ether  into  flask  C.  This  automatic 
control  works  well  if  flask  E  is  kept  at  a  constant  temperature. 
If  it  becomes  heated  the  ether  expands  and  is  forced  into  flask  C. 
This  flask  is  in  a  water  bath  bj^  which  the  temperature  may  be 
kept  slightly  above  0°C.  The  air  saturated  with  ether  then 
passes  through  two  absorption  flasks  kept  in  an  ice-salt  bath. 
In  the  second  of  these  is  a  thermometer  which  is  kept  at  0°  by 
adjusting  the  ice-salt  mixture.  Both  of  these  flasks  are  tall  and 
slender,  the  inlet  tubes  are  far  enough  from  the  bottom  to  allow 
the  ether  which  condenses  to  accmnulate  without  interfering 
with  the  pressure  in  the  system. 

Air  saturated  with  ether  at  0°  leaves  flask  D  and  passes  into 
mixing  chamber  F  where  it  is  mixed  with  air.  The  current  of 
air  passing  into  this  chamber  at  h  is  kept  constant  by  a  device 
similar  to  that  used  for  the  ether  line  (not  shown).  Desired 
changes  in  concentration  of  the  ether  are  made  by  var3'ing  the 
rate  of  flow  through  the  ether  system.  There  is  a  safety  valve, 
c,  on  the  mixing  chamber.  The  air  passes  into  a  bag  of  parch- 
ment, G,  which  serves  as  a  tension  equalizer.  A  manometer 
placed  bej^ond  the  tension  equalizer  shows  variations  of  less 
than  10  mm.  of  water,  which  come  within  the  limits  of  the  de- 
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termination  of  ether.  The  animal  used  is  connected  to  this 
aj^paratus  hy  means  of  a  tracheal  cannula,  (/.  Two  Tissot  valves 
protect  the  outlet  and  inlet,  the  dead  air  space  is  reduced  to  a 
minimum,  and  the  expired  air  is  carried  to  the  outside  air  by 
means  of  a  tube,  e.  Between  the  tension  equalizer  and  the  valve 
is  an  outlet  through  which  samples  of  air  are  taken  for  anah'sis. 
The  apparatus  is  calibrated  empirically^  so  that  the  desired 
concentration  may  be  had  at  any  time.  Check  determinations 
have  also  been  made  on  a  sample  of  the  air  taken  before  and  after 
blood  determinations.  Flow  meters  as  dcscrilDcd  by  Marshall 
and  Kolls  (19)  may  be  used  in  each  circuit  in  addition  to  the  water 
trap  to  observe  the  maximum  variations  in  pressure. 

In  Series  I  the  dogs  were  anesthetized  and  after  ligating  the 
carotids,  decerebrated  by  trephining  and  spooning  out  the  two 
hemispheres.  Pressure  on  the  vertebrae  until  after  a  clot  had 
been  formed  succeeded  in  stopping  bleeding  in  all  but  one  case. 
In  two  cases  though  the  bleeding  stopped  the  blood  pressure 
fell  to  a  very  low  level.  The  animals  showed  no  rigidity  though 
they  lived  for  several  hours.  The  results  on  these  animals  were 
discarded  as  obviously  the  operation  had  resulted  in  shock. 

Reflexes  were  studied  by  the  Sherrington  method  (20).  The 
homolateral  flexion  reflex  was  registered.  A  Sherrington  (15,  21) 
glass  electrode  was  used  for  stimulation  which  was  by  means 
of  induction  shocks.  Both  make  and  break  shocks  were  used 
and  the  coil  of  a  Harvard  inductorium  was  arranged  to  give  a 
maximum  contraction  at  break. 

The  temperature  of  the  animals  was  kept  constant  by  means 
of  an  electric  heating  pad  controlled  by  a  liimetallic  thermo- 
rcgulator  placed  in  the  rectum  of  the  animal.  The  temperature 
could  easily  be  controlled  within  0.5°C.  This  temperature  con- 
trol is  essential  in  working  with  decerebrate  animals,  though  it 
is  also  important  for  the  normal  animal  since  anesthesia  is  always 
accompanied  by  a  fall  in  temperature.^ 

The  concentration  of  ether  M'as  increased  until  the  homolateral 
flexion  reflex  disappeared.  With  each  change  in  concentration 
of  ether  the  animal  was  allowed  to  breathe  the  same  mixture 
for  from  20  to  30  minutes  before  samples  were  taken,  except 

1  This  device  for  controlling  temperature  was  worked  out  by  Dr.  G.  H. 
Bishop. 
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where  the  reflex  disappeared  sooner.  The  concentration  of 
ether  in  the  blood  and  in  the  air  breathed  was  determined  at  the 
same  time.  Duphcate  samples  of  air  were  taken  before  and 
after  the  blood  was  drawn. 

The  second  series  was  conducted  in  a  similar  fashion,  except 
that  the  animals  were  not  decerebrated  and  could  not  be  allowed 
to  come  completely  out  of  narcosis. 

Determinations  of  ether  in  air  and  in  blood  were  made  by  the 
modification  of  the  Nicloux  method  reported  in  the  preceding 
paper  (1). 

For  collecting  the  samples  of  blood  a  needle  was  attached  by 
a  short  rubber  tube  to  a  pipette  calibrated  in  cubic  centimeters, 
but  not  for  complete  delivery  so  that  the  last  portion  of  blood 
could  always  be  discarded.  The  needle  was  inserted  into  the 
artery  or  vein  and  the  blood  allowed  to  flow  into  the  pipette. 
In  case  of  venous  blood  a  small  amount  of  suction  was  usually 
necessary.  The  blood  flow  in  the  artery  or  vein  was  stopped  for 
a  short  time  after  removing  the  needle;  this  allowed  a  clot  to  form, 
closing  the  hole  made  by  the  needle,  and  the  blood  was  allowed 
to  resmne  its  flow.  The  blood  was  measured  into  flasks  already 
prepared,  in  such  amounts  that  would  give  between  2  and  3  mg. 
of  ether  for  a  determination.  2  or  3  cc.  during  complete  anes-r 
thesia  were  sufficient.  In  experiments  on  elimination  of  ether 
larger  samples  were  required  as  the  ether  becailie  less  concen- 
trated in  the  blood.     Ether  is  reported  as  mg.  per  100  cc. 

The  air  was  collected  over  mercmy  at  room  temperature  and 
forced  slowly  through  H2SO4,  two  tubes  being  used  to  insure 
complete  absorption.  The  concentration  is  calculated  to  the 
basis  of  alveolar  air;  that  is,  saturated  with  water  at  the  tempera- 
ture of  the  animals.  Protocols  of  the  individual  experiments 
are  included  at  the  end  of  the  paper. 

Relation  between  the  Alveolar  Concentration  and  the  Amount 
of  Ether  in  the  Blood. — It  is  apparent  from  these  experiments 
that  the  concentration  of  the  ether  in  arterial  blood  varies  directly 
with  the  concentration  of  ether  in  the  alveolar  air  and  depends 
upon  the  distribution  coefficient  at  that  temperature.  The  ratios 
shown  actually  to  exist  in  the  body  during  anesthesia  compare  well 
with  those  reported  (1,  2)  in  vitro  at  the  same  temperature.  Com- 
monly, the  ratios  are  slightly  higher  than  those  observed  in  vitro, 
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and  a  suggestion  as  to  the  explanation  of  this  difference  was 
the  finding  of  a  marked  Hpemia  in  the  case  of  Dog  VII,  which 
showed  an  exceptionally  high  and  increasing  ratio.  A  deter- 
mination by  the  Bloor  method  gave  0.94  per  cent  fat  in  this 
experiment,  as  compared  with  0.54  per  cent  in  the  blood  of  Dog 
XI,  with  a  "normal"  distribution  ratio.  Data  from  these  two 
experiments  are  given  in  Table  II.  It  will  be  noted  that  the 
anesthetic  concentration  of  ether  in  the  alveolar  air  of  Animal 


TABLE  II. 

Effect  of  Lipemia  on  the  Distribution  Ratio. 


Dog  XI. 

Dog  VII. 

Ether 

in 
blood. 

Ether 
in 
air. 

Distribution  ratio 

Amount  in  blood 

Amount  in  air 

Tem- 
per.i- 
ture. 

°C. 

Ether 

in 
blood. 

Ether 
in 
air. 

Distribution  ratio 

Amount  in  blood 

Amount  in  air 

Tem- 
pera- 
ture. 

mg.  per 
too  cc. 

mg.  per 
100  cc. 

ma.  per 
lOJcc. 

TO?,  per 
100  cc. 

°C. 

130 

9.6 

13.55 

39.0 

150 

10.9 

13.8 

39.0 

136 

10.2 

13.2 

150 

10.9 

13.8 

138 

10.2 

13.5 

160 

11.7 

13.7 

136 

10.2 

13.3 

190 

12.9 

14.7 

137 

10.2 

13.4 

193 

12.7 

15.2 

142 

10.5 

13.5 

202 

13.4 

15.1 

142 

10.5 

13.5 

220 

14.3 

15.4 

163 

12.2 

13.35 

230 

15.3 

15.0 

39.0 

156 

11.4 

13.7 

165 

11.0 

15.0 

155 

11.5 

13.50 

232 

15.3 

15.1 

156 

11.5 

13.55 

236 

15.3 

15.4 

155 

11.5 

13.50 

39.0 

237 

15.3 

15.5 

39.0 

Fate 

)n  last  £ 

sample  of  blood . 

0.64 

Fato 

Q last  s 

ample  of  blood. 

0.94 

VII  compares  well  with  that  of  other  experiments,  showing  that 
although  the  concentration  in  the  blood  is  high  this  does  not 
affect  the  concentration  in  the  tissues  since  the  extra  amount  in 
the  blood  is  held  by  fat  which  has  a  higher  solubility  for  ether 
than  the  blood  or  the  tissues.  Table  II  shows  this  effect.  If 
the  change  in  the  distribution  ratio  is  due  to  fat  the  figures  show 
an  increase  from  13.8  to  15.5  in  the  5  hom^s  of  the  experiment. 
This  would  indicate  a  progressive  hpemia  with  the  prolonged 
anesthesia.     This  was  observed  in  only  one  animal. 


E.  Ronzoni 


771 


In  two  experiments  the  effect  of  temperature  is  pronounced 
(Dogs  I  and  III,  Table  III).  The  higher  the  temperature,  the 
lower  the  distribution  ratio.  In  Dog  I  the  temperature  gradually- 
fell  from  39.5  to  36.0  due  to  the  fact  that  there  was  no  attempt 
made  to  control  it,  and  the  distribution  ratio  rose  accordingly. 
Dog  III  was  apparently  not  completely  decerebrated  since  he 
showed  movements  of  front  legs  and  shoulders  until  the  anes- 
thesia became  deeper.  In  the  first  part  of  the  experiment  the 
temperature  was  41°C.  After  movements  stopped  it  fell  to 
39°C.  and  was  held  there  for  the  remainder  of  the  experiment 
by  the  aid  of  the  thermoregulator. 

TABLE  III. 
Effect  of  Temperature  on  Distribution  Ratio  in  Vivo. 


Dog  III. 

Dog  I. 

Tem- 
pera- 

Ether 

in 
blood. 

Ether 
in 
air. 

Distribution  ratio 

Amount  in  solution 

Amount  in  air 

Tem- 
pera- 
ture. 

Ether 

in 
blood. 

Ether 
in 
air. 

Distribution  ratio 
Amount  in  solution 

ture. 

Amount  in  air 

°C. 

mi.  per 
100  cc. 

mi.  per 
100  cc. 

°C. 

mq.  per 
100  cc. 

mfi.  per 
100  cc. 

41 

110 

8.8 

12.5 

39.5 

103.9 

7.65 

13.6 

41 

121 

9.5 

12.7 

39.5 

119.0 

8.90 

13.4 

39 

127 

9.5 

13.3 

38.2 

132.2 

9.58 

13.8 

39 

119 

8.8 

13.5 

38.0 

140.2 

9.68 

14.5 

39 

125 

9.2 

13.6 

37.0 

160.0 

10.95 

14.5 

39 

135 

10.0 

13.5 

36.0 

165.0 

11.0 

14.9 

39 

165 

12.5 

13.2 

36.0 

165.0 

10.9 

15.1 

39 

169 

12.5 

13.5 

36.0 

168.0 

11.3 

14.9 

.    Concentration  of  Ether  Necessary  to  Cause  a  Disappearance 

of  the  Reflexes. 

It  was  at  first  thought  that  the  condition  of  the  reflex  would 
be  a  safe  and  reliable  method  for  producing  the  same  stage  of 
narcosis  in  various  animals.  The  disappearance  of  the  corneal 
reflex  to  mechanical  stimulation  was  used  in  the  animals  that 
were  not  decerebrated.  The  concentrations  necessary  to  sup- 
press this  completely  varied  in  three  of  the  animals  used  from 
110  to  130  mg.  per  100  cc.  of  blood.  In  the  fourth  animal  the  re- 
flex did  not  disappear  until  the  concentration  was  162  mg.  per  100 
cc.  of  blood  (Dog  V).     Nicloux  (12)  and  van  Leeuwen  (15)  give 
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100  and  110  mg..  respectively,  as  the  concentration  necessary  for 
narcosis.  This  indicates  that  the  response  of  the  corneal  reflex 
to  mechanical  stimulation  is  unreliable  as  an  indication  of  the 
depth  of  narcosis. 

The  disappearance  of  the  homolateral  flexion  reflex  to  electrical 
sthnulation  was  used  in  all  other  experiments  as  described. 
After  decerebration  the  strength  of  stimulus  necessary  to  pro- 
duce a  maximum  contraction  was  determined.  The  concentra- 
tion at  which  a  reflex  to  this  stimulation  could  no  longer  be  induced 
was  determined  and  marked  "no  reflex"  in  the  tables.  This 
is  taken  as  a  measurement  of  the  depth  of  anesthesia.  In  most 
cases  if  the  strength  of  stimulus  was  increased  at  this  point  a 
reflex  was  again  initiated.  Though  Sherrington  electrodes  were 
used  in  many  cases,  changing  the  position  of  the  electrode  on  the 
neivc  would  allow  the  same  strength  of  stimulus  to  produce  a 
reflex.  The  complete  block  of  a  stimulus  of  any  strength  very 
closely  approaches  the  point  at  which  respiration  is  inhibited. 
The  homolateral  flexion  is  the  simplest  type  of  reflex,  involving 
at  most  only  a  few  nem^ones  and  synapses,  and  so  it  would  be 
expected  to  disappear  later  than  the  more  complicated  reflexes. 

The  concentration  at  which  stimulation  of  the  saphenous  nerve 
ceased  to  cause  a  reflex  stimulation  of  the  respiration  was  139 
and  142  mg.  per  100  cc.  of  blood  in  the  two  animals  tested.  This 
points  to  a  variation  in  the  disappearance  of  different  reflexes 
with  different  degrees  of  anesthesia.  In  these  same  animals  the 
homolateral  reflex  disappeared  at  150  and  154,  respectively.  In 
these  two  cases,  at  least,  the  reflex  stimulation  of  the  respiration 
•due  to  stimulation  of  the  central  end  of  the  saphenous  nerve  was 
suppressed  before  the  homolateral  flexion  reflex. 

In  all  these  cases  the  response  to  reflexes  was  greatly  reduced 
to  ordinary  stimulation  long  before  the  reflexes  disappeared  to 
strong  stimulation.  The  difficulty  of  measuring  the  response 
quantitatively  and  of  being  sure  that  the  condition  of  the  nerve 
allows  maximum  stimulation  makes  this  an  inaccurate  measure- 
ment of  the  depth  of  narcosis.  Sensory  stimulation  of  the  skin 
might  prove  a  more  efficient  method  and  less  apt  to  cause  degen- 
eration of  the  nerve.  There  is  also  apparently  a  time  element; 
a  concentration  which  at  first  did  not  block  the  reflex  after  a 
time  did  so.     For  example  in  Experiment  XI  a  concentration  of 
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155  mg.  did  not  block  the  reflex  until  after  1|  hours.  This  final 
blocking  was  not  due  to  local  effect  on  the  nerves  since  a  new 
place  was  stimulated  without  response. 

The  concentration  of  ether  at  which  respiration  is  paralj^zed 
depends  upon  the  duration  of  the  anesthesia.  No  experiments 
were  conducted  which  would  give  exact  data  on  this  point.  In 
several  animals  anesthesia  was  induced  bj^  cone  and  drop  method  till 
respiration  was  stopped.  Blood  was  taken  from  the  femoral 
artery  and  the  amount  of  ether  determined.     The  animals  usually 

TABLE  IV. 

Concentration  of  Ether  Necessary  to  Cause  Respiratory  Paralysis  in  Varying 

Lengths  of  Time. 


Dog  No. 

Amount  of  ether  in  100  cc. 

Time  under  concentration 
given  in  Column  1. 

Total  time 
of  e.xperiment. 

Blood. 

Air. 

mg. 

mg. 

hr. 

min. 

/.r. 

min. 

I 

168-177* 

11.4-13.2 

3 

8 

II 

195 

14.0 

1 

4 

45 

III 

169 

12.5 

1 

G 

30 

V 

232 

17.2 

30 

G 

40 

VII 

237 

15.3 

1 

20 

6 

50 

VIII 

179 

13.0 

15 

3 

45 

IX 

182 

13.6 

33 

7 

20 

X 

170 

12.6 

20 

4 

30 

XI 

155 

4 

10 

10 

XII 

224 

15 

XIII 

202 

22 

XIV 

198 

18 

*  Animal  died  while  the  operator  was  absent.    The  concentration  in  air 
had  risen  from  11.4  to  13.2. 

recovered  when  artificial  respiration  was  resorted  to  or  when 
given  several  blasts  of  CO2.  The  data  on  these  three  cases, 
Dogs  XII,  XIII,  and  XIV,  are  found  in  Table  IV  and  are  higher 
than  other  concentrations  reported,  with  the  exception  of  Animals 
V  and  VII.  The  high  concentration  in  No.  VII  is  accounted 
for  by  a  lipemia.  However,  the  distribution  coefficient  for 
Animal  V  indicates  that  there  was  no  lipemia,  and  the  high 
figures  in  this  case  remain  unexplained.  These  show  consid- 
erable variation  from  the  results  of  Nicloux  and  van  Leeuwen. 
The  lowest  observed  figure  for  respiratory  failure  is   155  mg. 
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per  100  cc.  of  blood  (Dog  XI),  after  an  anesthesia  of  varying 
depths  for  a  period  of  10  hours.  4  hours  of  the  time  the  concen- 
tration was  stationar}?-  at  155  mg. 

Relation  between  the  Amount  of  Ether  in  Venous  and 
Arterial  Blood. 

During  the  induction  of  anesthesia  and  while  the  anesthetic 
tension  in  the  air  supplied  remains  constant  the  venous  blood 
always  contains  less  than  the  arterial  blood.  This  would  indi- 
cate that  the  depot  fat  does  not  become  saturated  with  ether 
during  a  period  of  several  hours,  but  continually  absorbs  more. 
It  may  be  that  the  increasing  effect  of  a  given  concentration 
when  long  continued  is  due  to  an  accumulation  of  ether  in  the 
lipoids  of  the  cells.  \A'Tien  ether  is  being  eliminated  the  concen- 
tration in  the  venous  blood  is  higher  than  that  in  the  arterial 
blood.  Nicloux's  (12)  observations  that  the  fat  around  the 
kidney  has  a  much  higher  concentration  of  ether  than  that  under 
the  skin  is  evidence  that  the  fatty  tissue  becomes  gradually 
saturated,  depending  largely  on  its  relative  blood  supply. 

The  Eliminalio7i  of  Ether. — Since  there  is  no  evidence  of  de- 
struction in  the  body,  elimination  must  take  place  almost  wholly 
through  the  lungs  with  the  exception  of  the  small  amount  ex- 
creted in  the  urine.  The  rapid  loss  through  the  lungs  depends 
on  the  distribution  coefficient  for  ether  between  air  and  blood. 
The  fall  in  concentration  in  blood  when  the  administration  is 
discontinued  is  rapid.  Herein  lies  the  safety  in  the  use  of  in- 
halation anesthetics;  though  the  range  between  anesthetic  and 
dangerous  concentrations  is  narrow  the  drop  to  a  safe  concen- 
tration is  rapid  enough  to  prevent  fatalities  if  the  inhalation  be 
stopped  when  the  danger  point  is  reached.  That  the  rate  of 
elimination  depends  on  ventilation  is  shown  by  the  curves  (Fig. 
2  and  Table  V).  In  Curve  I  respiration  was  stimulated  by 
several  blasts  of  CO2  sent  into  the  lungs  by  means  of  a  bellows 
as  the  ether  was  removed.  The  animals  whose  elimination 
curves  are  shown  in  Nos.  II  and  III  received  no  CO2. 

The  time  required  for  the  complete  elimination  of  ether  de- 
pends not  so  much  on  the  concentration  in  the  blood  as  upon 
the   duration   of  the   anesthesia.     The   animal   whose   curve   of 
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elimination  is  represented  in  No.  I  had  been  anesthetized  for 
3  hours  and  15  minutes  before  ehmination  was  started.  Dog  X, 
Curve  II,  was  under  only  40  minutes  and  Dog  VIII,  Curve  III, 
had  been  under  for  1  hour  and  30  minutes.     The  curve  shows 

TABLE  v. 
Elimination  of  Ether. 

Animals  were  decerebrated  and  anesthetized  for  varying  lengths  of  time 
previous  to  experiment  on  rate  of  elimination.  Dog  X  was  anesthetized 
deeply  for  40  minutes.  No.  IX  had  been  under  ether  for  3  hours  and  15 
minutes.  The  respiration  had  been  stopped  once,  but  stimulated  by  several 
blasts  of  CO2  from  a  bellows.  No.  VIII  was  in  deep  narcosis  for  1  hour  and 
30  minutes. 


Per  100  cc.  blood. 

Time  after 
ces;  ation 
of  ether. 

DogX. 
Curve  II. 

Dog  IX.  . 

Curve  I. 

Dog  VIII. 
Curve  III. 

A* 

v 

A 

v 

A 

v 

min. 

mg. 

my. 

OT7. 

mj. 

mj. 

■my. 

140 

136 

135t 

131 

175 

168 

3 

108 

110 

4 

■   66 

120 

140 

6 

94 

86 

10 

80 

77 

50t 

54 

15 

71 

69 

20 

63 

79 

88 

21 

46 

30 

36 

30 

44 

40 

20 

25 

47 

53 

60 

24 

17 

22 

31 

34 

90 

15 

12 

18 

18 

120 

6 

lot 

150 

lot 

*  A  represents  arterial;  V,  venous, 
t  CO2  given  by  bellows 

+  Blood  pressure  low;  rate  of  elimination  may  have  been  decreased  due 
to  circulatory  failure. 


that  Dog  X,  under  only  40  minutes,  eliminated  practically  all  the 
ether  in  2  hours,  while  in  Dog  IX  the  blood  still  contains  10  mg. 
per  100  cc.  at  the  end  of  2^  hours,  though  it  dropped  much  more 
rapidly  to  begin  with  due  to  respiratory  stimulation.  These 
ciu"ves  of  elimination  compare  well  with  those  of  Nicloux  (12). 
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Fia.  2.  Elimination  of  ether. 
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Protocols. 


Experiment  1. — Dog  I.  Male.  4  kilos.  10.30  a.m.  anesthetized.  11.00 
a.m.  Decerebrated,  good  rigidity.  Excellent  condition,  little  bleeding. 
11.30  a.m.  Attached  to  apparatus. 


Time. 

Re- 
spira- 
tory 

Blood 
pres- 
sure. 

Pulse 
rate. 

Tem- 
pera- 
ture. 

Ether 
per  100  cc. 

Remarks. 

rate. 

Blood. 

Air. 

a.m. 

vermin. 

mm.  Hg 

vermin. 

°C. 

mi. 

mj. 

11.30 

36 

170 

114 

39.5 

50 

p.m. 

12.00 

39.5 

103.2 

7.65 

12.30 

36 

170 

114 

39.5 

103.9 

7.70 

1.00 

39.5 

119.0 

8.90 

Slight  reflex. 

1.30 

36 

170 

114 

39.5 

119.0 

9.00 

<(            << 

2.00 

38.2 

132.2 

9.58 

2.30 

32 

170 

114 

38.0 

140.2 

9.68 

Slight  reflex. 

3.20 

30 

170 

114 

37.0 

160.0 

10.95 

No  reflex. 

4.00 

28 

150 

124 

36.0 

165.0 

11.0 

a           a 

4.20 

26 

150 

120 

36.0 

165.0 

10.9 

ti           a 

5.00 

24 

150 

130 

36.0 

168.0 

11.3 

u           u 

5.50 

24 

140 

130 

36.0 

168.0 

11.4 

"           " 

7.00 

13.2 

Animal    left    with    ether 
going.     The      tempera- 
ture had  risen  in  system 
and     concentration     of 
ether  furnished  the  dog 
had       increased.     Thi& 
may  have  accounted  for 
the  death,  or  the  fall  in 
the    temperature    may 
have  been  a  factor. 
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Experiment  2. — Dog  II.  Female.  G  kilos.  10.30  a.m.  Anesthetized. 
Decerebrated.  Bled  but  little.  Decerebrate  rigidity  did  not  appear. 
Blood  pressure  low.     Temperature  39°. 


Time. 

Re- 
spira- 
tory 
rate. 

Blood 
pres- 
sure. 

Pulse 
rate. 

Tem- 
pera- 
ture. 

Ether 
per  100  cc. 

Remarks. 

Blood. 

Air. 

■p.m. 

vermin. 

mm.  Hg 

vermin. 

°C. 

mg- 

mg. 

12.00 

50 

110 

96 

39 

163.5 

.  12.2 

12.40 

50 

120 

120 

154.0 

11.2 

1.00 

50 

140 

120 

169.5 

12.5 

Slight  reflex. 

1.40 

30 

110 

120 

189.0 

14.0 

No  reflex  homolateral. 

2.20 

20 

108 

140 

190.0 

14.0 

(<         it               li 

2.40 

20 

110 

90 

195 

14.0 

ii            a                      a 

3.00 

10 

100 

90 

195 

14.0 

3.15 

39 

195 

14.0 

Respiration           stopped. 
Heart  continued  to  beat 
for  about  5  min.  after 
respiration         stopped. 
Tried  to  bring  animal 
around  by  giving   CO2 
by  means  of  a  bellows 
but  was  not  successful. 
Blood      pressure      had 
dropped    to    about    40 
mm.    before    this    was 
tried. 
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Experiment  3. — Dog  III.  Male.  6.6  kilos.  10.00  a.m.  Anesthetized. 
10.30  a.m.  Decerebrated.  Apparently  not  complete;  showed  movements  of 
front  limbs ;  and  rigidity  did  not  appear.    Animal  attached  to  the  apparatus. 


Time. 

Re- 
spira- 
tory 

Blood 
pres- 
sure. 

Pulse  rate. 

Tem- 
pera- 
ture. 

Ether 
per  100  cc. 

Remarks. 

rate. 

mm. 
Ha 

Blood. 

Air. 
mj. 

p.m. 

per 
min. 

per  min. 

°C. 

mj. 

12.30 

00 

190 

246 

41 

110 

8.8 

High  temperature  due 
to  movements. 

12.40 

41 

110 

8.8 

Movements   ceased. 
Reflex  to  electrical 
stimulation     good. 
Changed    at    12.40 
p.m. 

1.10 

60 

170 

240 

41 

120 

9.5 

Slight  reflex. 

1.30 

41 

121 

9.5 

"  Changed 
at  1.40  p. m 

2.00 

60 

120 

242 

39 

127 

9.5 

2.20 

127 

9.5 

Refle.x  gone.  Chang- 
ed at  2.30  p.m. 

3.00 

60 

110 

242 

39 

119 

8.8 

Reflex  returned. 
Changed  at  3.10 
p.m. 

3.40 

60 

95 

220 

39 

125 

9.2 

Reflex  slight.  Chang- 
ed at  3.50  p.m. 

4.00 

60 

90 

228 

39 

135 

10.0 

Reflex  gone. 

4.30 

78 

70 

246 

39 

165 

12.5 

4.50 

22 

46 

220 

39 

169 

12.5 

5.10 

15 

40 

120 

39 

169 

12.5 

5.30 

30 

100  stopped. 

39 

12.5 

Experiment  4- — Dog  IV.  Male.  4.1  kilos.  S.35  a.m.  Anesthetized. 
9.10  a.m.  Decerebrated;  bleeding  mild,  easily  stopped;  animal  in  good 
condition;  showed  rigidity.     10.30  a.m.  Ether  started. 


Respira- 

Blood 

Pulse 

Tem- 

Ether pei 

■  100  CO. 

Time. 

tory 

pres- 

pera- 

Remarks. 

rate. 

sure. 

rate. 

ture. 

Blood. 

Air. 

a.m. 

per  min. 

mm.  Hg 

per  min. 

°C. 

mj. 

mj. 

10.00 

42 

128 

180 

39 

Coil  set  SO  as  just  to 
give  a  reflex  at  make 
and  maximal  con- 
traction at  break. 

11.30 

42 

128 

180 

111.8 

8.4 

Good  reflex. 

p.m. 

12.00 

20 

138 
120-140 

120 

134.0 

10.5 

Hemorrhage  from 
brain  increased  in- 
tracranial pressure; 
blood  pressure  high; 
pulse  rate  irregular; 
Cheyne-Stokes  res- 
piration ;  pressure  re- 
lieved; blood  pres- 
sure returned  to  a 
little  below  normal; 
good  reflex  at  make 
and  break. 

1.30 

60 

90 

190 

39 

136.0 

10.5 

90 

190 

137.0 

10.5 

2.30 

60 

100 

182 

153.6 
153.2 

11.5 
11.5 

Good  reflexes.  Make 
and  break. 

3.30 

42 

80 

200 

39 

156. 5 
157.0 

11.8 
11.8 

Reflex  all  right;  dimin- 
ished. 
Blood  pressure  falling. 

3.40 

20 

60 

90 

Vagus         stimulation; 

3.50 

12 

60 

78 

heart  slow;  reflex 
still  present  though 

4. 00  stopped. 

40 

70 

39 

158.8 

11.8 

diminished ;       death 

not  due  to  anesthe- 

tic.    Autopy  showed 

hemorrhage          into 

brain    cavity,    com- 

pletely filling  it,  and 

probably  causing  in- 

creased pressure   on 

the  medulla. 
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Experiment   5- 
Tracheal  cannula. 


-Dog   V.    Female.     6.2  kilos.     9.00  a.m.  Anesthetized. 
Carotid  blood  pressure.     Respiration  recorded. 


Time. 

Re- 
spira- 
tory 
rate. 

Blood 
pres- 
sure. 

Pulse 
rate. 

Tem- 
pera- 
ture. 

Ether 
per  100  cc. 

Remarks. 

Blood. 

Air. 

a.m. 

permin. 

mm.  Hq 

per  min. 

"C. 

mj. 

mj. 

9.30 

96 

166 

208 

39.5 

162 

12.2 

Corneal  reflex  disap- 
peared. 

9.40 

96 

150 

246 

162 

12.2 

10.00 

92 

134 

240 

150 

11.35 

Attached  to  apparatus; 
corneal  reflex. 

10.50 

157 

11.66 

No  homolateral  reflex. 

11.20 

90 

134 

238 

171 

12.9 

No  corneal  reflex. 

11.40 

182 

13.5 

u            u                  « 

p.m. 

12.20 

90 

134 

240 

222 

16.5 

No  homolateral  reflex. 

12.40 

223 

16.5 

1.00 

98 

138 

240 

200 

14.8 

No  homolateral  reflex. 

1.40 

176 

13.0 

a                    a                      it 

2.00 

Decerebrated;    when    too 

2.30 

24 

80 

252 

237 

17.6 

far  under,  never  recov- 

3.00 

24 

80 

252 

238 

17.8 

ered  completely;  showed 

3.30 

50 

70 

252 

232 

17.2 

no  decerebrate  rigidity; 
no  reflexes. 

3.40 

'20 

30 

200 

39.5 

Dead. 

Experiment  6. — Dog  VI.  Male.  8.2  kilos.  12.30  p.m.  Decerebrated. 
Used  for  gum  acasia  experiment.  2.00  p.m.  Attached  to  apparatus. 
Reflex  good,  decerebrate  rigidity. 


Time. 

Re- 
spira- 
tory 
rate. 

Blood 
pres- 
sure. 

Pulse 
rate. 

Tem- 
pera- 
ture. 

Ether 
per  100  cc. 

Remarks. 

Blood. 

Air. 

p.m. 
2.00 
2.30 
3.00 
3.30 

4.05 
4.35 
5.00 

permin. 

30 

24 
28 

28 

20 
20 
15 

mm.  Hg 

120 
100 
100 
100 

76 
70 
40 

per  min. 

156 
162 
160 
160 

200 
210 
200 

"C. 

39.5 
39.0 

7717. 

108 
116 
123 
135 

146 
162 
179 

m-j. 
8.2 

8.7 

9.1 

10.1 

10.8 
12.0 
13.3 

Reflex  good. 

Homolateral     reflex     dis- 
appeared. 

Respiration  stopped. 
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Experiment  7. — Dog  VII.  Male.  8.1  kilos.  9.00  a.m.  Anesthetized. 
Tracheal  cannula.  Blood  pressure  carotid.  Homolateral  flexion  reflex 
registered.  Respiratory  rate;  pneumograph.  Blood  examined  for  fat 
by  Bloor's  method. 


Time. 


9.30 
10.00 
10.20 
11.00 


11.40 

p.m. 

12.20 
12.50 
1.20 
2.00 
2.30 
3.00 
3.40 
3.50 


Pulse 
rate. 

Blood 
pres- 
sure. 

Re- 
spira- 
tory 
rate. 

Tem- 
pera- 
ture. 

Ether 
per  100  cc. 

Dis- 
tribu- 
tion 
ratio. 

Blood. 

Air. 

permin. 

mm.  Hg 

permin. 

-c. 

mg. 

mg. 

140 

120 

38 

39 

150 

10.9 

13.8 

140 

120 

40 

150 

10.9 

13.8 

140 

120 

40 

160 

11.7 

13.7 

160 

150 

36 

190 

12.9 

14.7 

140 

150 

30 

193 

12.7 

15.2 

140 

150 

30 

202 

13.4 

15.1 

140 

150 

30 

220 

14.3 

15.4 

ISO 

150 

30 

39 

230 

15.3 

15.0 

150 

160 

40 

165 

11.1 

15.0 

120 

120 

25 

232 

15.3 

15.1 

100 

110 

20 

236 

15.3 

15.4 

90 

100 

18 

237 

15.3 

15.5 

90 

40 

39 

15.3 

Remarks. 


No  corneal  reflex. 


Homolateral  reflex 
present  if  stimula- 
tion increased. 


No  reflex. 
Reflex  appeared. 
No  reflex. 


Respiration  stopped. 


E.  Ronzoni 


783 


Experiment  5.— Dog  VIII.  Male.  6.3  kilos.  9.30  a.m.  Decerebrated. 
Good  rigidity.  Venous  blood  from  femoral  vein.  Arterial  blood  from 
femoral  artery.     Arterial  drawn  first. 


Tem- 
pera- 

Ether per  100  ec. 

Time. 

Blood. 

Remarks. 

ture. 

°C. 

Air. 

Venous. 

mg. 

Arte- 
rial. 

a.m. 

mg. 

mg. 

10.10 

39.0 

162 

169 

12.5 

No  reflex  to  mechanical  stimulation. 

10.30 

165 

169 

12.5 

No  reflex. 

10.55 

158 

150 

11.2 

<(         11 

11.20 

147 

150 

11.2 

U                (( 

11.40 

168 

175 

13.0 

"         "       respiration    slow;    ether 
stopped. 

11.44 

140 

120 

Reflex. 

12.00 

88 

79 

12.40 

53 

47 

1.00 

34 

31 

1.30 

18 

1.35 

Ether  started.     Respiration  very  slow. 

2.00 

168 

179 

13.0 

2.15 

39.0 

172 

179 

13.0 

Respiration  stopped. 
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Experiment  9. — Dog  IX.  Male.  8.2  kilos.  9.30  a.m.  Decerebrated- 
Good  rigidit}'.  Venous  and  arterial  blood  from  feraorals.  Arterial  drawa 
first. 


Tem- 
pera- 

Ether per  IOC 

cc. 

Time. 

Blood. 

Remarks. 

ture. 

Air. 

Venous. 

Arte- 
rial. 

a.m. 

°C. 

7ng. 

mg. 

mg. 

10.00 

39 

100 

108 

8.0 

10.30 

112 

120 

8.9 

11.05 

138 

142 

10.5 

No  reflex  respiratory  stimulation  when 
saphena  tetanized. 

11.25 

186 

190 

14.0 

Respiration  stopped.  CO2  adminis- 
tered. 

11.35 

115 

110 

Blood  taken.     Receiving  no  ether. 

p.m. 

12.30 

128 

131 

9.7 

12.50 

148 

150 

11.1 

No  homolateral  flexion  reflex. 

1.15 

131 

135 

10.2 

Ether  removed.     CO2  administered. 

1.19 

66 

1.25 

54 

50 

CO2  administered. 

1.46 

36 

30 

1.55 

25 

20 

2.15 

22 

17 

2.45 

18 

12 

3.15 

10 

3.45 

10 

3.50 

Ether  started. 

4.23 

171 

182 

13.6 

Respiration  stopped  33  min.  after 
starting. 

4.40 

39 

179 

182 
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Experiment  10. — Dog  X.  Male.  8  kilos.  9.30  a.m.  Decerebrated. 
"Good  rigidity.  Reflexes  not  recorded.  Arterial  drawn  first.  Femoral 
venous  followed  by  internal  jugular  venous.  As  much  time  as  1  minute 
may  have  elapsed  between  collection  of  each  sample. 


Tem- 
pera- 
ture. 

Ether  per  100  cc. 

Time. 

Blood. 

Air. 

Remarks. 

Venous. 

Arte- 
rial. 

a.m. 

°C. 

mj. 

mg. 

mg. 

10.00 

39.0 

107 

110 

8.2 

10.20 

128 

133 

9.8 

No  reflexes. 

10.40 

128 

136 

10.4 

10.50 

136 

140 

10.4 

Ether  removed.  No  reflex  to  mechan- 
ical stimulation. 

10.53 

110 

108 

10.56 

94 

Reflexes  appeared. 

11.00 

86 

80 

11.05 

77 

71 

11.10 

69 

63 

11.20 

46 

44 

11.50 

24 

" 

■p.m. 

12.20 

15 

12.50 

6 

Determination  questionable,  due  to 
small  amount  of  ether.  Ether 
started. 

1.20 

113 

8.3 

Reflexes  to  mechanical  stimulation 
gone. 

1.40 

140 

10.3 

2.00 

39.5 

170 

12.6 

170 

12.6 

Respiration  stopped. 
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Experiment  11.— Dog    XI.     Male.    7  kilos.    9.20  a.m.     Anesthetized. 
Tracheal  cannula.     No  blood  pressure. 


Ether  per  100  cc. 

Tem- 
pera- 
ture. 

Time. 

Blood. 

Air. 

Remarks. 

Fem- 
oral 
vein. 

Inter- 
nal 
jugular 
vein. 

Carotid 
artery. 

a.m. 

mt. 

mg. 

VI  J. 

771.7. 

°C. 

9.45 

127 

125 

130 

9.6 

39 

No  corneal  reflex. 

10.00 

Attached  to  apparatus. 

10.30 

130 

130 

136 

10.2 

No  corneal  reflex. 

11.00 

134 

132 

136 

10.2 

<<          <<           (( 

11.30 

133 

132 

138 

10.2 

n              u                u 

p.m. 

12.00 

135 

133 

136 

10.2 

U                       ((                          << 

12.30 

136 

132 

136 

10.2 

li              a                u 

1.00 

134 

134 

137 

10.2 

(<                      i<                       (C 

Sciatic  exposed.  Preparations 
for  registering  homolateral 
reflex.  Animal  showed  perfect 
relaxation  during  operation. 

1.40 

135 

133 

137 

10.2 

Homolateral  reflex  present. 

2.20 

138 

137 

142 

10.5 

il                              U                       IC 

2.50 

140 

139 

142 

10.5 

Ether  changed.  No  reflex  stim- 
ulation to  respiration. 

3.30 

160 

158 

163 

12.2 

No  homolateral  reflex. 

3.50 

156 

154 

155 

11.4 

Slight  reflex. 

4.00 

154 

153 

155 

11.4 

<<               a 

5.00 

154 

154 

156 

11.4 

<<              (< 

5.30 

153 

154 

155 

11.5 

No  reflex. 

6.00 

155 

154 

156 

11.5 

39 

i(        11 

7.00 

155 

154 

155 

11.5 

"         "      respiration  very  slow. 

7.30 

155 

154 

155 

11.5 

Respiration  stopped. 

SUMMARY. 


1.  A  method  is  described  for  furnishing  a  constant  tension  of 
ether  for  an  animal  as  large  as  a  dog. 

2.  The  concentration  of  ether  in  the  blood  is  a  function  of 
that  in  the  alveolar  air  and  of  the  distribution  coefficient  at  that 
temperature.  The  distribution  coefficients  determined  in  the 
body  and  in  vitro  are  in  substantial  agreement.     Certain  abnor- 
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mal  factors  may  influence  the  ratio;  e.g.,   an  abnormally  high 
percentage  of  fat. 

3.  Rate  of  elimination  of  ether  depends  on  the  respiratory 
volume  and  is  greatly  increased  by  respirator}^  stimulation  due 
to   CO2. 

4.  During  the  induction  of  anesthesia  as  already  shown  by 
Nicloux  (12)  the  amount  of  ether  is  greater  in  the  arterial  blood 
and  less  in  the  venous.  As  long  as  ether  of  the  same  concentra- 
tion is  being  administered  the  amount  in  the  arterial  blood  re- 
mains higher  than  in  the  venous.  This  doubtless  is  due  to  the 
extreme  solubility  of  ether  in  the  depot  fat. 

During  the  elimination  of  ether  the  amount  in  the  venous 
blood  is  greater.  It  is  not  all  excreted  in  1|  hours  due  to  the 
slow  rate  of  removal  from  the  fatty  tissues.  The  length  of  time 
would  depend  on  how  completely  these  were  saturated,  upon 
their  volume,  and  upon  blood  supply  in  relation  to  volume  of 
respired  air. 

5.  The  disappearance  of  the  homolateral  flexion  reflex  in  re- 
sponse to  electrical  stimulation  of  the  nerve  is  variable,  and  dis- 
appears between  130  to  178  mg.  per  100  cc.  of  blood.  The  cor- 
responding concentrations  in  air  breathed  are  (for  37.5°C.), 
2.98  to  4.08  volumes  per  cent  and  22.7  to  31  mm.  of  tension  (Hg). 
Injury  to  the  nerve  and  consequent  variation  in  the  strength  of 
stimulus  would  account  for  some  of  the  irregularities.  Duration 
of  the  anesthetic  is  also  a  probable  factor. 

Corneal  reflex  to  mechanical  stimulation  disappears  between 
110  to  130  mg.  per  100  cc.  of  blood,  which  concentrations  cor- 
respond (at  37.5°C.)  to  2.52  to  2.98  volmnes  per  cent  and  to  19 
to  23  mm.  of  tension  of  ether  vapor  in  the  alveolar  air, 

6.  Respiratory  failure,  if  anesthesia  is  induced  as  rapidly  as 
possible,  may  require  as  much  as  190  to  237  mg.  per  100  cc, 
(4.35  to  5.4  volumes  per  cent  or  33  to  41  mm.  of  tension  in  alveo- 
lar air),  but  may  be  induced  after  several  hours  with  concentra- 
tions from  155  to  195  mg.  per  100  cc.  of  blood.  (3.55  to  4.47 
volmnes  per  cent  or  27  to  34  mm.  of  tension  in  alveolar  air.) 

7.  The  continued  breathing  by  dogs  of  the  concentration  of 
ether  in  air  stated  by  Boothby  to  be  the  anesthetic  concentration 
for  man  (6.7  volumes  per  cent  or  51  mm.  of  tension)  produces  a 
fatal    concentration    in    blood.     Assuming   that    the    anesthetic 
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concentrations  of  ether  in  blood  are  the  same  for  man    as  for 
dogs  Boothby's  estimate  is  much  too  high. 

The  reason  that  death  does  not  result  from  the  inhalation  by 
himian  subjects  of  strong  mixtures  delivered  b}'  the  Connell 
machine  is  doubtless  that  the  air  breathed  is  a  mixture,  in  about 
equal  parts,  of  that  from  the  machine  and  of  pure  air.  The 
prolonged  inhalation  of  air  from  the  machine  (set  for  the  above 
tension)  without  dilution  would  almost  certainly  prove  fatal. 
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CHEMICAL  STUDY  OF  SEVERAL  MARINE  MOLLUSKS  OF 
THE  PACIFIC  COAST. 

THE  LIVER.* 

By  p.  GERHARD  ALBRECHT. 

{From  the  Department  of  Chemistry  and  Hopkins  Marine  Station  of  Stanford 
University,  Stanford  University.) 

(Received  for  publication,  Jul}'  13,  1923.) 

The  moUuscan  liver,  also  called  hepatopancreas,  functions  not 
only  as  a  center  of  production,  storage,  and  conversion  of  com- 
plex carbohydrates  but  also  serves  the  purpose  of  storing  fat. 

Voit  (1)  and  Lej^dig  in  the  report  of  their  investigations  on 
the  pearl  mussel  drew  attention  to  the  importance  of  the  liver 
as  a  fat-storing  organ.  Voit  found  that  the  liver  of  the  above 
mentioned  animal  contained  9.7  per  cent  of  fat,  while  the  foot 
muscle  contained  only  4.3  per  cent  and  the  mantle  3.8  per  cent. 
Levy  (2)  examined  the  liver  of  helix  for  fat,  finding  there  only 
small  quantities,  while  de  Bellesme  (3)  found  large  a,mounts  of 
fat  in  the  liver  of  cephalopods.  Deflandre  (4)  demonstrated  the 
presence  of  fat  in  the  liver  of  mytilus,  but  claimed  that  the 
amount  varied  with  the  season  of  the  year.  There  is  no  doubt 
that  the  amount  of  fat  in  the  liver  decreases  during  starvation 
and  increases  on  feeding  fat-rich  substances.  Biedermann  and 
Moritz  (5)  and  Moritz  (6)  demonstrated  the  storage  of  fat  in 
the  liver,  using  snails  as  the  experimental  animals.  They  showed 
experimentally  that  when  snails  fasted  until  the  liver  was  prac- 
tically devoid  of  fat  and  were  then  fed  on  rich  milk  and  cream, 
the  liver  was  found  to  contain  large  amounts  of  fat  a  few  hours 
after  such  feeding. 

*  This  paper  is  a  part  of  a  thesis  to  the  Department  of  Chemistry  of 
Stanford  University  in  partial  fulfillment  of  the  requirement  for  the 
degree  of  Doctor  of  Philosophy. 
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Chemical  Study  of  Marine  MoUusks 


TABLE  I. 


Constituents. 


Abalone. 


Piamo        Crypto-      Ischno- 
clam.         chiton.        chiton. 


100  gm.  of  fresh  liver  tissue. 


Water 

Total  solids 
Ash 


Alcohol  extractives,  Fl  +  F2 

Lipin  fraction,  Fl 

Water-sohible  fraction,  F2 

Alcohol-  and  water-insoluble  fraction, 

F3 

Ash  of  Fl  +  F2 

"   "  F3 : 

Total  N 

Protein  

Purine  N 

Creatine  and  creatinine 

Uric  acid 


17.70 

1.32 

7.80 

2.35 

14.97 

Trace. 

None. 


100  gm.  of  Fl  +  F2  +  F3. 


Alcoholic  extracts,  Fl  +  F2  . 
Alcohol-insoluble  residue,  F3 , 


48.5 
51.5 


49.20 
50.80 


30.60 
69.40 


40.10 
59.90 


100  gm.  of  Fl  +  F2. 


Total  solids,  Fl  , 
"       F2 . 
Ash  of  Fl  +  F2 
"     "  F3 


42.20 
57.80 
19.30 


100  gm.  of  Fl. 


Total  N 

1.44 
0.157 
0.46 
0.85 
None. 

0.66 

0.069 

0.14 

0.30 

None. 

0.84 

0.0258 

0.40 

0.36 

None. 

0.57 

Amino-acid  N 

0.0932 

Total  sulfur 

0.25 

"     phosphorus 

0.42 

Lipin  sugar 

None. 

100  gm.  of  F2. 


Total  N 

6.70 
3.60 
0.21 

2.26 
0.90 
0.20 
0.02 

14.0 
4.20 
1.20 
0.12 

6.34 

Amino-acid  N 

1.32 

Proteose  N 

0.70 

Urea  N 

0.03 

p.  G.  Albrecht 
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TABLE  I— Concluded. 


Constituents. 


Abalone. 


Pismo 
clam. 


Crypto- 
chiton. 


Ischno- 
chiton. 


100  gm.  of  F2— Concluded. 


Urea 

Ammonia 

Total  sulfur 

Inorganic  phosphorus 
Creatine  and  creatinine 

Uric  acid 

Reducing  sugars  after  hydrolysis 


16.80 


100  gm.  of  F3. 


Total  N 

Protein  (X  6.37) 

Total  phosphorus 

Phospho-protein  phosphorus 

Total  sulfur 

Creatine  and  creatinine 

Uric  acid 

Reducing  sugars  after  hydrolysis. 


Inorganic  constituents  per  100  gm.  of  tissue. 


SiOa. 
re20j 
CaO. 
MgO 


3.00 

1.77 

0.15 

3.00 

0.96 

6.76 

0.65 

0.63 

1.44 

0.83 

0.15 

0.26 

0.20 
4.23 
1.36 
0.30 


TABLE  II. 
Enzymes  in  Liver. 


Amylase 

Catalase .  .  . 

Cytase 

Emulsin  .... 
Glycogenase . 

Lactase 

Lipase 

Maltase  .  .  .  . 
Protease .  .  . 
Sucrase.  .  .  . 

Urease 

Uricase  . . . .  . 


Abalone. 

Pismo 
clam. 

Crypto- 
chiton. 

Ischno- 
chiton. 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

■       + 

+ 

+ 

+ 

+ 

+ 

+ 

- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

— 

— 

Owl 
limpet. 


+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
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Among  inorganic  substances  iron  seems  to  be  of  special  im- 
portance in  molluscan  liver.  Dastre  and  Floresco  (7)  interested 
in  the  so  called  "iron  storing  function  of  the  liver"  found  that 
the  liver  of  gastropods  and  lamellibranchiae  contained  four  to 
six  times  as  much  iron  as  the  rest  of  the  body.  Thej^  concluded 
that  b,y  far  the  largest  amount  of  iron  in  the  whole  body  is  ac- 
cumulated in  the  liver. 

Bradley  (8)  reported  the  presence  of  metallic  zinc  in  the  liver 
of  Sycotypus  canaliculatus,  from  11  to  23  per  cent  ZnO  in  the 
ash  of  the  hepatopancrcas. 

The  liver  serves  not  only  the  purpose  of  storing  carbohydrates, 
fats,  and  proteins,  but  secretes  important  digestive  enzymes. 
Proteolytic  enzjines  have  been  reported  in  the  liver  juices  of  the 
oyster  by  Heyman  (9)  and  Biedermann  and  Moritz.  Kruken- 
berg  (10),  Fredericq  HejTnan,  and  Griffith  and  Jung  discovered 
the  presence  of  carbohydrate-splitting  enzymes  in  cephalopods 
and  gastropods.  Catalase  was  found  in  the  liver  of  mytilus, 
limax,  and  helix  by  Zieger  (11).  Cellulase  was  not  found  in  the 
liver  juice  by  Biedermann  and  Moritz.  The  action  of  this 
enzyme  was  not  noticed  until  it  had  been  secreted,  from  which 
the  conclusion  might  be  drawn  that  an  anzyme  activator  was 
necessary.  Strong  lipase  action  was  observed  in  the  liver  extract 
of  mollusks  by  Biedermann  and  Moritz.  Of  purine  enzjmaes, 
Mendel  and  Wells  found  nuclease  and  amidase  in  sycotypus. 
Uricase  was  demonstrated  in  the  liver  extract  of  the  shark  by 
Scaffids. 

The  species  of  mollusks  that  were  employed  in  this  investiga- 
tion are  the  abalone,  Pismo  clam,  Cryptochiton,  Ischnochiton,  and 
owl  limpet. 

Methods  of  Analysis. 

To  determine  the  chief  constituents  of  the  liver,  the  same 
methods  were  employed  as  those  used  by  the  author  (12)  in  the 
analysis  of  the  muscle. 

Owl  limpet  Hver  could  only  be  examined  for  the  presence  or 
absence  of  enzymes.  The  specimens  gathered  did  not  yield  suf- 
ficient liver  tissue  to  carry  on  a  more  complete  investigation. 
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DISCUSSION. 

As  compared  with  the  composition  of  the  muscle  of  these  molkisks 
the  analysis  of  the  liver  presents  the  following  differences.  The 
contents  of  water  in  the  liver  varies  greatly  from  that  in  the 
muscle.  The  extractives  with  alcohol  yield  in  abalone,  Pismo 
clam,  and  cr3^ptochiton  approximately  double  the  amount  of 
extractives  in  the  muscle,  the  larger  amounts  of  fat  present  in 
the  liver  being  the  chief  reason  for  it.  The  ash  content  in  the 
liver  is  higher  than  in  the  muscle.  Creatine  and  creatinine, 
which  were  not  found  in  the  muscle  except  in  the  abalone,  are  also 
absent  in  the  liver.  Crj-ptochiton  liver  leads  with  far  the  highest 
percentage  in  all  the  nitrogen  compounds.  The  absence  of  urea 
in  abalone  liver  is  noteworthy. 

If  the  urea  had  broken  down  into  ammonia  and  carbon  dioxide, 
we  should  expect  a  larger  amount  of  ammonium  salts,  but  the 
analysis  does  not  bear  this  out.  The  amount  of  ammonia  com- 
pared with  that  of  the  liver  of  vertebrates  gives  the  following 
data. 

mg. 

Abalone  liver 28 

Pismo  clam  liver .29 

Cryptochiton  liver 50 

Ischnochiton  liver 38 

Vertebrate  liver 22.8 

Phosphorus,  partty  organic,  partly  inorganic,  is  built  up  into 
phosphonucleic  acid  and  phosphatides,  while  the  inorganic  phos- 
phates, as  calcium  phosphate,  form  the  main  part  of  the  so 
called  "Kalkzellen. "  Reducing  sugars  include  pentoses  and 
hexoses  and  are  found  in  the  tissue  of  mollusks.  (Henze  identi- 
fied xylose  in  the  octopus.)  They  are  present  in  fairly  large 
amounts  in  mollusks.  Among  the  inorganic  constituents  we 
notice  chiefly  the  large  amount  of  iron. 

The  enz^Tiies  in  the  molluscan  liver  are  practically  the  same 
as  those  present  in  the  alimentary  canal.  This  supports  the 
suggestion  that  the  enzj-mes  are  produced  in  the  liver  and  secreted 
into  the  intestines. 
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SUMMARY. 

In  the  liver  of  the  niolkisks  studied,  the  high  vakies  found  for 
ash  in  fresh  tissue,  ischnochiton  9.12  per  cent,  Pismo  clam  5.93 
per  cent,  abalone  5.79  per  cent,  and  cryptochiton  3.38  per  cent, 
are  all  the  more  interesting  when  the  amount  of  iron  present  is 
considered.  Calculated  as  ferric  oxide,  it  makes  up  31.9  per 
cent  of  the  ash  of  the  liver  of  the  abalone,  31.7  per  cent  of  that  of  the 
Pismo  clam,  29.2  per  cent  of  that  of  the  ischnochiton,  and  27.0  per 
cent  of  that  of  the  cryptochiton.  Uric  acid,  creatine,  and  creatinine 
were  absent,  but  urea  was  found  in  all  but  the  abalone.  The 
liver  is  rich  in  enzjanes,  containing  all  those  mentioned  above 
as  present  in  the  alimentary  canal,  and,  in  addition,  an  active 
uricase  in  the  abalone  and  the  Pismo  clam.  These  results  lend 
emphatic  support  to  the  belief  that  the  enzjaiies  found  in  the 
stomach  and  intestines  have  their  origin  in  the  liver  (or  hepato- 
pancreas)  and  not  in  the  food  ingested. 
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INTRODUCTION. 

It  has  been  shown  by  Willstatter  and  Zolhnger^  that  the  pig- 
ment in  the  dark  blue  European  grape,  Vitis  vinifera,  consists 
largely  of  the  monoglucoside  oenin  that  they  isolated  in  crystalline 
form  as  oenin  chloride,  C23H25O12CI.  When  hj^drolyzed  by  boiling 
it  with  hj'drochloric  acid  oenin  yields  1  molecule  of  glucose  and 
1  molecule  of  the  sugar-free  pigment,  oenidin  chloride,  C17H15O7CI. 
The  above  authors^  have  also  shown  that  a  diglucoside  and  some 
free  oenidin  is  associated  with  the  monoglucoside  as  it  occurs  in 
the  grape. 

Oenidin  is  regarded  by  the  above  authors  as  a  dimethyl  ether 
of  delphinidin  and  they  believe  that  its  structure  is  represented 
bv  either  Formula  I  or  II. 
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1  Willstatter,  R.,  and  Zollinger,  E.  H.,  Ann.  Chem.,  1915,  cdviii,  83. 

2  Willstatter,  R.,  and  Zollinger,  E.  H.,  Ann.  Chem.,  1916,  cdxii,  195. 
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Willstiitter  and  Zollinger'  also  examined  the  pigments  occurring 
in  Vitis  riparia  Michx.  {odoratissima  J.  Don)  and  Ampelopsis 
quinquefolia  Michx.  (Vitis  hederacea  Ehrh.).  The  coloring  mat- 
ters obtained  from  the  above  varieties  were  found  to  be  mono- 
glucosides,  verj^  similar  to  oenin  from  which  they  could  only  be 
differentiated  by  the  color  reactions  with  ferric  chloride.  The 
corresponding  sugar-free  pigments  or  anthocyanidins  only  differed 
from  oenidin  in  that  they  contained  less  methoxyl,  and  they  were 
evidently  monomethyl  ethers  of  delphinidin. 

In  order  to  extend  our  knowledge  of  the  pigments  that  occur 
in  American  grapes  we  have  examined  the  coloring  matter  from 
two  other  varieties;'  viz.,  Norton  (cestivalis,  labrusca)  and  Con- 
cord (labrusca). 

The  anthocyans  occurring  in  these  grapes  were  found  to  be 
identical.  They  were  monoglucosides  containing  1  molecule  each 
of  glucose  and  anthocyanidin.  The  anthocyanin  was  identical 
in  composition  with  oenin,  but  it  differed  from  this  substance 
in  that  it  gave  when  dissolved  in  alcohol  an  intense  color  reaction 
with  ferric  chloride  similar  to  that  described  by  Willstatter  and 
Zollinger  for  the  anthocyanin  obtained  from  Vitis  riparia. 

The  anthocyanidin  showed  no  difference  from  oenidin  in 
percentage  composition,  but  it  differed  in  that  it  contained  a 
lower  percentage  of  methoxyl.  The  amount  of  silver  iodide 
obtained  in  the  Zeisel  determination  corresponded  to  about  1 
methjd  group.  After  demethylation  by  boiling  with  hydriodic 
acid  and  acetic  anhydride  we  were  unable  to  obtain  any  substance 
that  resembled  delphinidin  either  in  composition  or  properties. 

The  reaction  of  the  pigments  with  ferric  chloride  is  indicated 
below. 

3  Hedrick,  U.  P.,  Grapes  of  New  York,  A^.  Y.  Agric.  Exp.  Station,  1908. 
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Color  Reaction  with  Ferric  Chloride. 


Substance. 

Solvent. 

Anthocyanin. 

Anthocyanidin. 

Water. 

The  color  changes  to  purplish, 

Momentary     purplish     color 

but  fades  quickly  to  light 

that      fades      immediately 

brown. 

leaving    a    nearly    colorless 
solution. 

Ethyl 

Intense  blue  color  changing 

Momentary      puplish      color 

alcohol. 

in  a  few  minutes  to  a  rather 

that       fades      immediately 

permanent       purple,      but 

leaving  a  faintly  yellowish 

changing  gradually  in  the 

solution. 

course  of  several  hours  to 

wine-red. 

The  anthocyanin  chloride  separated  slowty  from  a  mixture  of 
alcohol  and  dilute  hj^drochloric  acid  in  the  form  of  dense  cubical 
crystals.  The  substance  was  readity  soluble  in  water  giving  a 
dull  brownish  red  solution.  In  very  dilute  hydrochloric  acid  it 
dissolved  with  bright  red  color.  It  was  v^ry  soluble  in  methyl 
alcohol,  the  solution  exhibiting  an  intense  and  beautiful  carmine- 
red  color.  It  was  readily  soluble  in  ethyl  alcohol  giving  a  purplish 
red  color. 

The  anthocyanidin  chloride  crystallized,  on  hydrolyzing  the 
glucoside  with  boiling  h3^drochloric  acid,  from  the  hot  solution 
in  beautiful  prism-shaped  crystals.  When  the  cr3-stals  were 
seen  singly  under  the  microscope  the  color  was  light  brownish 
red.  The  macroscopic  appearance  of  the  dr^^  substance  was 
nearly  black.  It  was  easily  soluble  in  methyl,  ethyl,  amyl, 
isopropjd,  and  butyl  alcohol.  The  solutions  exhibited  beautiful 
shades  of  color  from  bright  carmine-red  in  methyl  alcohol  to 
purplish  red  in  amj-l  alcohol.  It  dissolved  easily  in  water  with 
dull  brownish  red  color.  In  dilute  hydrochloric  acid  it  dissolved 
with  dark  red  color,  but  in  3  per  cent  or  stronger  hj^drochlorio 
acid  it  was  only  slightty  soluble. 

By  means  of  the  "Distribution  number"  according  to  Will- 
statter  and  Zollinger-  some  evidence  was  found  that  the  crude 
pigment  in  both  the  Norton  and  the  Concord  grapes  contains 
not  only  the  monoglucoside  but  also  some  diglucoside  and  some 
free  anthocvanidin. 
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The  spectrum  of  the  anthocyanin  forms  one  broad  band  ex- 
tending from  yellow  into  the  blue.  Unfortunately  the  band  is 
too  broad  and  the  margins  are  too  indefinite  for  the  absorption 
spectrum  to  be  utilized  for  the  certain  and  rapid  identification 
of  the  pigment. 

EXPERIMENTAL    PART. 

Anthocyan  in  Norton  Grapes. 
Extraction  of  the  Pigment  with  1  Per  Cent  Hydrochloric  Acid. 

The  skins  only  were  used  in  the  preparation  of  the  pigment. 
They  were  separated  from  tlie  pulp  by  hand  and  pressed  in  a 
small  wine  press.  The  juice  contained  only  a  very  small  amount 
of  the  coloring  matter.  The  pressed  grape  skins,  2.2  kilos,  were 
digested  in  3  liters  of  1  per  cent  hydrochloric  acid  over  night. 
The  skins  were  then  rubbed  into  a  pulp  in  a  large  mortar.  The 
mixtiu'e  was  filtered  on  a  large  Buchner  funnel  and  washed  with 
2  liters  of  1  per  cent  hydrochloric  acid. 

The  clear  filtrate  measured  about  5  liters.  It  was  of  an  intense 
and  ])rilliant  carmine-red  color.  After  warming  it  to  about  40° 
on  the  water  bath  it  was  mixed  with  6  liters  of  a  warm  saturated 
aqueous  solution  of  picric  acid.  After  cooling  to  room  tempera- 
ture, the  solution  was  allowed  to  stand  in  the  ice  box  for  36  hours. 
The  picrate  separated  slowly  in  the  form  of  bright  red  needle- 
shaped  crj'stals,  usually  arranged  in  fan-shaped  or  star-shaped 
aggregates. 

The  crystals  were  filtered  off,  washed  free  from  picric  acid 
with  ether,  and  finally  dried  in  a  vacuum  desiccator  over  sulfuric 
acid.  The  dry  substance  formed  a  dark  red-colored  mass  and 
it  weighed  11.4  gm. 

The  filtrate  was  very  dark  red  in  color.  Concentrated  hydro- 
chloric acid  was  added  to  it  until  the  solution  contained  10  per 
cent  of  hydrochloric  acid.  On  standing  in  the  ice  box  over  night 
a  further  quantity  of  dark  red  crystalline  plates  separated.  This 
substance  was  filtered  off,  washed  with  a  little  cold  10  per  cent 
hj'drochloric  acid,  and  dried  in  a  vacuum  over  sulfuric  acid  and 
potassium  hydroxide.  The  dry  product  was  of  purplish  dark 
red  color  and  it  weighed  50.5  gm. 


R.  J.  Anderson  799 

The  filtrate  was  still  very  dark  red  in  color,  but  no  further 
crystals  could  be  obtained  and  it  was  discarded. 

The  second  crystalline  product  consisted  evidently  to  a  large 
extent  of  picric  acid.  The  free  picric  acid  was  easily  removed 
by  digesting  the  crj^stals  in  warm  benzene,  filtering,  and  repeating 
the  treatment.  The  benzene  was  finally  removed  by  washing  the 
residue  with  ether.  The  insoluble  picrate  was  nearly  black  in 
color  and  after  drying  in  a  vacuum  over  surfuric  acid  it  weighed 
5  gm.  The  total  yield  of  the  crude  picrate  amounted  to  16.4  gm. 
or  0.74  per  cent  by  weight  of  the  pressed  skins. 

Isolation  of  the  Glucoside  hy  the  Method  of  Willstdttcr  and  Zollinger. 

The  first  picrate  preparation,  11.4  gm.,  was  reduced  to  a  fine 
powder  in  a  mortar  and  it  was  then  dissolved  in  250  cc.  of  methyl 
alcohol,  forming  a  brilliant  red  solution.  To  this  solution  were 
added  50  cc.  of  methyl  alcohol,  containing  20  per  cent  of  hj^dro- 
chloric  acid.  The  deep  brilliant  carmine-colored  solution  was 
filtered  to  remove  a  small  amount  of  nearly  colorless  insoluble 
matter.  The  clear  filtrate  was  mixed  with  1,600  cc.  of  ether 
which  precipitated  the  glucoside  in  the  form  of  small  dark  red 
granular  particles.  After  standing  over  night  it  was  filtered  and , 
washed  carefully  with  ether  and  dried  in  a  vacuum  desiccator 
over  sulfuric  acid  and  potassium  hydroxide.  The  dry  product 
formed  a  compact  dark  red  mass  that  showed  a  beautiful  metallic 
bronze  luster  in  reflected  light.     It  weighed  7.2  gm. 

The  ethereal  solution,  after  filtering  off  the  precipitated  glu- 
coside, contained  a  considerable  amount  of  pigment  that  could 
not  be  precipitated  by  further  addition  of  ether.  The  dissolved 
coloring  matter  was  precipitated  on  the  addition  of  petroleum 
ether  as  a  dark  red,  thick,  aqueous  layer  on  the  bottom  of  the 
container.     This  portion  of  the  pigment  was  discarded. 

From  the  second  picrate  preparation  mentioned  above,  we 
obtained  hy  the  same  method,  1.9  gm.  of  the  glucoside.  The 
total  yield  of  the  glucoside  as  chloride  was,  therefore,  9.1  gm. 
or  0.41  per  cent  of  the  pressed  grape  skins.  This  represents  only 
a  part  of  the  pigment  present  in  the  original  grape  skins.  The 
extraction  of  the  pigment  with  dilute  hydrochloric  acid  was  not 
complete  and  a  considerable  amount  was  not  precipitated  by  the 
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picric  acid.  A  further  loss  was  caused  by  the  incomplete  pre- 
cipitation of  the  glucoside  by  the  ether  from  the  methyl  alcohol. 
When  some  of  this  crude  pigment  was  dissolved  in  0.5  per 
cent  hydrochloric  acid  all  the  coloring  matter  could  not  be  ex- 
tracted by  repeatedly  shaking  the  solution  with  amyl  alcohol, 
indicating  the  presence  of  some  diglucoside.  According  to 
Willstatter  and  Zollinger-  the  digiucosides  generally  remain  in 
the  dilute  acid.  The  purplish  red-colored  amyl  alcohol  obtained 
in  the  above  extractions  was  repeatedly  extracted  with  0.5  per 
cent  hydrochloric  acid.  A  large  part  of  the  coloring  matter, 
representing  the  monoglucoside,  passed  into  the  dilute  acid,  but 
it  was  impossible  to  remove  all  the  pigment  by  this  treatment. 
The  coloring  matter  remaining  in  the  amyl  alcohol  represents  the 
free  anthocyanidin. 

Crystallization  of  the  Antliocyanin  Chloride. 

We  followed  the  procedure  of  Willstatter  and  Zollinger.^  The 
The  crude  glucoside,  3  gm.,  was  digested  in  10  cc.  of  methyl  alcohol. 
It  was  not  completely  soluble  and  even  after  adding  25  cc.  of  ethyl 
alcohol  and  5  cc.  of  10  per  cent  hydrochloric  acid  and  stirring  for 
some  time,  a  portion  of  the  substance  did  not  dissolve.  The 
insoluble  material  was  filtered  off,  washed  in  a  few  cubic  cen- 
timeters of  methyl  alcohol,  and  dried.  It  weighed  0.8  gm.  It 
formed  a  dark  red  granular  powder.  It  was  completely,  but 
slowly,  soluble  in  methyl  alcohol  when  a  sufficient  quantity  of 
this  solvent  was  used  and  it  was  easily  soluble  in  water.  On 
combustion  the  substance  bui-ned  completely,  leaving  no  ash. 
After  drying  at  105°  in  a  vacuum  over  phosphorus  pentoxide  it 
was  analyzed. 

Found.     C  50.82,  H  4.42  per  cent. 

Calculated  for  diglucoside,  C29H35O1 7CI  (690.5) .     C  50.40,  H  5.06  per  cent. 

Judging  by  its  composition  the  substance  appears  to  be  a 
mixture  of  the  mono-  and  diglucoside. 

To  the  filtrate  from  the  above  insoluble  matter,  were  added  5  cc. 
of  10  per  cent  hydrochloric  acid.  It  was  left  in  a  loosely  covered 
dish  to  crystallize  at  room  temperature.  The  substance  separated 
slowly,  as  the  alcohol  evaporated,  in  the  form  of  cubical  masses 
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of  crystals.  After  it  had  stood  for  3  days  the  substance  was 
filtered  off,  washed  with  a  little  cold  10  per  cent  hydrochloric  acid, 
and  dried  in  a  vacuum  over  sulfuric  acid  and  potassium  hydroxide. 
It  weighed  0.6  gm. 

The  filtrate  was  allowed  to  stand  for  2  days  in  a  partially  evacu- 
ated desiccator  over  sulfuric  acid  when  a  second  crop  of  crystals 
separated.  The  crystal  form  was  similar  to  that  described  above 
and  consisted  of  superimposed  cubical  masses.  The  crystals 
were  filtered  off,  washed,  and  dried  as  before. 

The  filtrate,  which  was  very  dark  red  in  color,  was  saved  for 
the  preparation  of  the  sugar-free  pigment. 

The  dry  anthocyanin  chloride  weighed  1.2  gm.  It  was  analyzed 
after  drying  at  105°  in  a  vacuum  over  phosphorus  pentoxide. 
0.1919  gm.  of  substance  lost  0.0074  gm.  or  3.85  per  cent  in  weight 
which  corresponds  to  1  molecule  of  water  of  crj^stallization. 
Calculated  for  1  H2O,  3.31  per  cent. 

0.1845  gm.  substance:  0.07G7  gm.  H2O  and  0..3527  gm.  CO..  0.1868  gm. 
substance :  0.05-31  gm.  AgCl. 

0.2105  gm.  substance :  0.0589  gm.  AgCl. 

Calculated  for  anthocyanin  chloride,  C23H25O12CI  (528.5).  C  52.22, 
H  4.73,  CI  6.71  per  cent. 

Found.     C  52.13,  H  4.65,  CI  7.03,  6.92  per  cent. 

A  second  preparation  of  the  glucoside  was  made  bj-  the  method 
just  described.  From  5.1  gm.  of  the  crude  glucoside  we  obtained 
3  gm.  of  the  air-dried  substance. 

For  analysis  the  substance  was  dried  as  mentioned  above. 
The  loss  in  weight  was  8.73  and  8.74  per  cent  which  corresponds 
to  3  molecules  of  water  of  crystallization.  It  is  evident  that 
the  first  glucoside  preparation  had  lost  2  molecules  of  water  of 
crystallization  on  drying  in  a  vacuum  over  sulfuric  acid  at  room 
temperature.     Calculated  for  3  HoO,  9.27  per  cent. 

Analysis  of  the  dried  substance  gave  the  following  result. 

Found.     C  52.33,  H  4.55,  CI  6.81  per  cent. 

Hydrolysis  of  the  Glucoside. 

Preparation  of  the  Sugar-Free  Pigment,  Anthocyanidin   Chloride. 

The  filtrate  from  the  above  anthocyanin  chloride  was  diluted 
with  30  cc.  of  25  per  cent  hydrochloric  acid  and  the  solution  was 
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boiled  over  a  free  flame  for  4  minutes.  The  anthocyanidin 
chloride  began  to  crj^stallize,  after  the  solution  had  been  l^oilcd 
for  about  2  minutes,  in  prisms  usually  arranged  in  fan-shaped 
f^gregates.  Examined  under  the  microscope  the  crystals  ap- 
peared to  be  perfectly  homogeneous;  the  color  of  single  crystals 
was  faint  brownish  red.  After  the  solution  had  cooled  the  crystals 
were  filtered,  washed  in  a  little  cold  20  per  cent  hydrochloric 
acid,  and  dried.  The  dry  substance  appeared  nearly  black  in 
color  and  it  weighed  0.25  gm. 

In  another  experiment  1  gm.  of  the  glucoside  was  dissolved 
in  25  cc.  of  water,  25  cc.  of  concentrated  hj^drochloric  acid  were 
added,  and  the  solution  was  boiled  for  4  minutes.  The  antho- 
cyanidin chloride  crystallized,  after  boiling  for  about  2  minutes, 
from  the  hot  solution  in  beautiful  brownish  red  prisms  as  men- 
tioned above.  The  substance  was  filtered,  washed  in  cold  20  per 
cent  hydrochloric  acid,  and  dried  in  a  vacuum  over  sulfuric  acid. 
The  dry  crystals  weighed  0.55  gm.  The  filtrate,  which  was  of 
dark  red  color,  was  extracted  with  100  cc.  of  amyl  alcohol.  The 
pigment  passed  into  the  amyl  alcohol,  leaving  the  dilute  acid 
solution  practically  colorless.  The  amyl  alcohol  was  washed 
Avith  water  and  evaporated  on  the  water  bath.  The  dark  red 
amorphous  residue,  after  drying  in  a  vacuum  over  sulfuric  acid 
weighed  0.07  gm.  The  total  weight  of  the  sugar-free  pigment 
was  0.62  gm.  The  theoretical  amount  obtainable  from  1  gm. 
of  monoglucoside  is  0.69  gm. 

The  substance  was  analyzed  after  drying  in  a  high  vacuum 
-over  phosphorus  pentoxide  at  105°C. 

D.1551  gm.  substance:  0.0555  gm.  II2O  and  0.3143  gm.  CO2.  0.1347  gm. 
substance:  0.0530  gm.  AgCl. 

Found.     C  55.26,  H  4.00,  CI  9.73  per  cent. 

A  second  preparation  obtained  by  the  same  method  gave  the 
following  results. 

Found.     C  56.19,  H  4.08,  CI  9.48  per  cent. 

A  third  and  fourth  preparation,  after  recrystallizing  from 
diluted  hydrochloric  acid  as  will  be  described  below,  gave  the 
following  results. 
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Found.     C  56.17,  H  4.18,  CI  9.90  per  cent. 

"  56.08,  "  4.15,    "  9.25     "      " 
Calculated  for  anthocyanidin  chloride,  CiyHisOyCI    (366.5).     C   .55.66, 
H  4.09,  CI  9.68  per  cent. 

Average  of  above  analyses.     C  55.92,  H  4.10,  CI  9.69  per  cent. 

Water  of  Crystallization  in  Anthocyanidin  Chloride. 

Willstatter  and  Zollinger  found  that  oenidin  chloride  contained 
1.5  molecules  of  water  of  crystallization.  The  preparations 
which  we  obtained  and  analj^zed  lost  weight  on  drying  at  105° 
in  a  high  vacuum  over  phosphorus  pentoxide,  corresponding 
to  1.5  molecules  of  H2O  as  shown  below. 

Loss  in  weight:  7.62,  7.43,  6.65,  6.75  per  cent.     Average  7.11  per  cent- 
Calculated  for  1.5  H2O.     6.86  per  cent. 

Properties  of  Anthocyanidin  Chloride. 

The  dry  crystals  are  very  dark,  nearly  black  in  color,  and  show 
a  metallic  bronze  luster  in  reflected  light.  They  were  easily 
soluble  in  water,  giving  a  brownish  red  solution;  the  solution 
was  clear,  but  the  color  was  dull.  On  acidifying  the  aqueous 
solution  with  a  few  drops  of  hydrochloric  acid  the  color  changed  , 
to  bright  red.  It  was  easily  soluble  in  ethyl  alcohol,  forming  a 
brilliant  clear  purplish  i^ed  color.  It  was  easily  soluble  in  methyl 
alcohol,  giving  a  beautiful  bright  carmine-red  color.  It  is  only 
sKghtly  soluble  in  hot  or  cold  3  or  4  per  cent  hydrochloric  acid^ 
After  heating  to  boiling  in  3  per  cent  hydrochloric  acid  and  filter- 
ing nothing  crystallized  out  on  coohng.  The  dissolved  pigment 
separated  slowly  from  the  above  solution  on  adding  concentrated 
hydrochloric  acid,  but  the  dark  red  or  nearly  black  precipitate 
was  not  crystalline  but  consisted  of  very  fine  granular  particles. 

While  the  anthocyanidin  chloride  always  separated  in  beautiful 
prisms  on  hydrolyzing  the  glucoside  with  hydrochloric  acid,  it 
was  found  to  be  very  difficult  to  recrj-stalfize  it.  Dissolved  in 
ethyl  or  methyl  alcohol  and  mixed  with  10  per  cent  hydrochloric 
acid,  the  pigment  alwaj^s  separated  slowly,  on  standing  for  a  few 
hours,  in  the  form  of  amorphous  round  granular  particles,  and 
from  aqueous  solutions  mixed  with  hydrochloric  acid  it  precipi- 
tated in  the  same  form  after  the  solution  had  stood  for  a  few  hours. 
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It  could  only  be  rccrystallizcd  by  dissolving  it  in  water  and  then 
carefully  acidifying  until  the  solution  contained  3  per  cent  of 
hydrochloric  acid.  From  this  solution  there  separated  in  the 
course  of  several  hours  small  prismatic  crystals,  mixed  with  some 
fine  granular  particles.  After  filtering,  washing  with  3  per  cent 
hydrochloric  acid,  and  drying,  the  crystals  were  freed  from 
amorphous  particles  by  digesting  them  for  a  short  time  in  a 
little  cold  isopropyl  alcohol.  On  now  filtering  and  washing  with 
a  little  cold  isopropyl  alcohol  the  crystals  were  obtained  perfectly 
free  from  any  amorphous  pigment. 

Behavior  of  Solutions  of  Anthocyanidin  Chloride  towards  Amyl 

Alcohol. 

Anthocyanidin  chloride,  dissolved  in  water  and  acidified  with 
hj'drochloric  acid,  could  be  completely  extracted  with  amyl 
alcohol.  The  amyl  alcoholic  solution  exhibited  an  intense  pur- 
plish red  color. 

If  a  small  amount  of  calcium  oxide,  sufficient  to  bind  the 
hydrochloric  acid,  was  added  to  the  brownish  red  solution  of 
anthocyanidin  chloride  in  water,  the  color  changed  to  a  beautiful 
blue.  The  same  change  in  color  was  observed  on  adding  just 
sufficient  dilute  ammonium  or  sodium  hydroxide.  On  extracting 
these  blue-colored  solutions  with  amyl  alcohol  the  aqueous  layer 
became  decolorized,  the  pigment  passing  into  the  amyl  alcohol 
giving  a  beautiful  purplish  red  solution.  When  an  excess  of  the 
base  was  present,  however,  the  amyl  alcohol  remained  perfectly 
colorless  and  the  aqueous  layer  was  blue  in  color.  It  was  pos- 
sible to  add  the  base  in  such  proportions  that  a  part  of  the  pigment 
was  extracted  by  amyl  alcohol,  giving  a  purphsh  red  solution 
while  a  part  remained  in  the  aqueous  layer  which  retained  its  blue 
color. 

Absorption  Spectrum  of  Anthocyanin  Chloride. 

The  spectrum  of  anthocyanin  chloride  consists  of  one  broad 
band  extending  from  yellow  into  the  blue.  The  following  de- 
terminations were  made  and  the  results  are  similar  to  those 
reported  by  Willstatter  and  Zollinger  for  oenin  chloride. 
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In  Ethyl  Alcohol.     I  Molecule  in  2,318  Liters. 
Column      2  mm.     584.  .567. ..  .532 
"  5    "        593.. 583.... 506 

"  8    "        597.. 588.... 493 

10    "        599.. 590.... 487 
In  Methyl  Alcohol.     1  Molecule  in  1,522  Liters. 
Column      1mm.     574 ..  558 ....  518 
"  2    "        576.. 564.... 509 

"  3    "        585.. 574.... 492 

"  5    "        589.. 578.... 477 

In  Water.     1  Molecule  in  1,601  Liters. 
Column      5mm.     538. .528. ...483 
10    "        558.. 548.... 477 
"  15    "        569.. 553.... 474 

In  1  Per  Cent  Hydrochloric  Acid.     1  Molecule  in  1,650  Liters. 
Column    2 . 5  mm.  548 ..  532 ....  487 
3 


In  4  Per  Cent  Sulfuric  Acid. 
Column     2  mm. 
3     " 
In  66  Per  Cent  Acetic  Acid. 
Column    2  mm. 
"  3    " 

"  4    " 

"  5    " 


554.. 537.... 486 
565.. 543.... 470 
566.. 546.... 464 
1  Molecule  in  1,601  Liters. 
541.. 527.... 494 
557.. 539.... 478 
1  Molecule  in  2,893  Liters. 
567.. 560.... 505 
573.. 564.... 503 
575.. 566.... 492 
578.. 570.... 486 


Meihoxyl  Groups  in  Anthocyanidin  Chloride. 

The  anthocyanidin  chloride  used  in  these  determinations  had 
been  recrj^stallized  as  described  above  and  dried  to  constant 
weight  at  105°  in  a  high  vacuum  over  phosphorus  pentoxide. 
The  usual  Zeisel  method  was  used. 


0.2533  gm.  sub.stance :  0.1760  gm.  Agl.  0.2023  gm.  substance :  0.1485  gm. 
Agl. 

Calculated  for  1  CHgO,    8.45  per  cent. 

"2  CH3O,  16.91     " 
Found.     CH3O  9.17,  9.69  per  cent. 

Willstatter  and  Zollinger^  reported  results  that  indicated  that 
the  oenidin  chloride  derived  from  Vitis  vinifera  contained  two 
methoxyl  groups.  It  is  e\adent  from  the  figures  given  above 
that  the  amount  of  methoxyl  found  in  our  preparation  corresponds 
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more  nearly  to  1  CH3O,  resembling  in  this  respect  the  antho- 
cyanidin  isolated  by  the  above  mentioned  authors-  from  Vitis 
riparia. 

The  mixture  of  hydriodic  acid  and  acetic  anhydride  containing 
the  demethylated  pigment  was  dark  red  in  color,  and  after  cooling, 
some  of  the  pigment  was  deposited  as  amorphous  granular  particles 
of  dark  reddish  color.  The  residues  from  the  above  two  deter- 
minations were  united,  filtered,  washed  Avith  20  per  cent  hj^dro- 
chloric  acid,  and  dried.  The  substance  weighed  0.4  gm.  It  was 
dissolved  in  10  cc.  of  alcohol,  a  few  drops  of  concentrated  hydro- 
chloric acid  and  an  excess  of  precipitated  silver  chloride  were 
added,  and  the  mixture  was  shaken  for  several  hours.  The 
insoluble  silver  salts  were  filtered  off  and  washed  with  a  little 
alcohol.  To  the  filtrate  were  added  10  cc.  of  20  per  cent  hydro- 
chloric acid  and  the  alcohol  was  evaporated  slowly  by  warming 
the  solution  on  the  w^ater  bath.  The  solution  was  then  allowed 
to  stand  at  room  temperature  for  36  hours  when  the  pigment 
separated  slowl}^  in  the  form  of  dark  reddish  brown  fine  granular 
particles.  The  substance  was  filtered,  washed  with  dilute  hydro- 
chloric acid,  and  dried  in  the  air;  weight  0.2  gm.  It  was  readily 
soluble  in  alcohol  giving  a  purplish  red  color.  The  color  was 
very  permanent.  The  alcoholic  solution,  diluted  with  water,  was 
boiled  for  some  time  and  repeatedly  evaporated  on  the  water 
bath  without  showing  any  apparent  loss  in  color.  The  substance 
did  not  show  any  tendency  to  crystallize.  On  slowly  concentrat- 
ing the  solution  in  a  desiccator  only  amorphous  granular  particles 
were  obtained. 

The  substance  was  analyzed  after  drying  in  a  vacuiun  at  105° 
over  phosphorus  pentoxide. 

Found.     C  56.44,  H  3.63,  CI  10.47  per  cent. 

The  properties  and  composition  of  this  material  differ  decidedly 
from  those  of  delphinidin  chloride  that  Willstatter  and  Zollinger 
obtained  from  oenidin  chloride.  Judging  by  our  analytical  results 
the  anthocyanidin  chloride,  during  demethylation  with  boiling 
hydriodic  acid  and  acetic  anhydride,  must  have  suffered  some 
loss  of  oxj-gen;  possibl}^  due  to  conjugation  with  elimination  of 
1  molecule  of  water. 
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Cleavage  of  Anthocyanidin  Chloride  with  Potassium  Hydroxide, 
Isolation  of  Phloroglucin. 

About  1  gm.  of  powdered  anthocj^anidin  chloride  was  stirred 
into  40  gm.  of  75  per  cent  potassium  hydroxide  heated  to  180°C. 
The  mixture,  which  turned  very  black  in  color,  was  heated  for 
a  few  minutes  nearly  to  boiling.  It  was  then  diluted  with  100  cc. 
of  water,  cooled,  acidified  with  hydrochloric  acid,  and  extracted 
with  5  portions  of  ether.  The  very  dark  colored  ethereal  solution 
was  shaken  with  100  cc.  of  5  per  cent  sodium  bicarbonate  which 
removed  practically  all  the  coloring  matter,  leaving  the  ethereal 
layer  nearly  colorless.  The  ether  was  evaporated  and  the  residue 
was  dissolved  in  a  little  warm  water,  decolorized  with  norit,  and 
the  filtrate  concentrated  in  a  vacuum  desiccator  over  sulfuric 
acid.  The  substance  separated  in  nearly  colorless  cr3^stals. 
After  drj'ing  at  105°  in  a  vacuum  over  phosphorus  pcntoxide,  the 
substance  melted  at  216''C.  (uncorrected). 

The  aqueous  solution  gave  the  following  reactions:  (a)  Ferric 
chloride  produced  a  purplish  coloration;  (6)  a  piece  of  pine  wood, 
moistened  with  concentrated  hydrochloric  acid,  assumed  a  deep 
red  color;  (c)  Fehling's  solution  was  reduced;  (d)  adding  aniline 
nitrate  and  sodium  nitrite  gave  a  bright  red  precipitate;  and  (e) 
bromine  water  produced  a  cloudy  solution  from  which  colorless 
prisms  crystallized. 

The  melting  point  and  the  above  mentioned  reactions  indicate 
that  the  substance  was  phloroglucin. 

The  sodium  bicarbonate  solution  mentioned  above,  should 
have  contained  the  gallic  acid,  but  we  were  unable  to  obtain 
this  substance  in  cr3'stalline  form.  The  solution  was  acidified 
and  extracted  with  ether.  On  evaporation  of  the  ether  a  very 
dark  colored  residue  that  could  not  be  completely  decolorized 
was  left.  The  aqueous  solution  was  acid  in  reaction  and  it 
gave  with  ferric  chloride  a  bluish  black  coloration;  on  standing, 
this  solution  deposited  a  black  precipitate.  The  aqueous  solu- 
tion left  a  dark  colored  syrup  on  concentrating  it  in  a  vacuum, 
but  no  crystals  separated. 
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Extraction  of  the  Grape  Pigment  with  Glacial  Acetic  Acid. 

The  grape  skins  were  prepared  and  pressed  in  the  same  way 
as  before.  About  2  kilos  of  pressed  grape  skins  were  digested 
in  3  liters  of  glacial  acetic  acid,  with  occasional  stirring,  for  10  days. 
The  material  was  then  ground  to  a  pulp  in  a  mortar,  filtered  on 
Buchncr  funnels,  and  washed  with  2  liters  of  glacial  acetic  acid. 
The  filtrate  measured  about  5.6  liters  and  it  was  of  a  deep  carmine- 
red  color.  The  greater  portion  of  the  pigment  was  precipitated  as 
a  thick  purplish  colored  gummy  mass  on  adding  18  liters  of  ordi- 
nary ether.  After  the  mixture  had  stood  in  the  ice  box  over 
night  the  dark  red-colored  supernatant  liquid  was  poured  off 
and  the  residue  was  shaken  with  several  portions  of  ether  in 
order  to  remove  the  acetic  acid  as  completely  as  possible. 

The  precipitated  pigment  was  dissolved  in  2  liters  of  0.5  per 
cent  hydrochloric  acid.  A  small  amount  of  nearly  colorless 
insoluble  material  was  removed  b}^  filtration.  The  intensely 
carmine-red  filtrate  was  warmed  on  the  water  bath  to  40°C.  and 
it  was  then  mixed  with  a  solution  containing  80  gm.  of  picric 
acid  in  8  liters  of  warm  water.  The  anthocyanin  picrate  separated 
slowly,  after  the  solution  had  cooled,  as  bright  red  crj^stalline 
needles,  generally  arranged  in  bundles.  After  the  crystals  had 
been  filtered,  washed  with  ether,  and  dried,  they  weighed  8.6  gm. 

To  the  filtrate,  which  was  dark  red  in  color,  was  added  1  liter 
of  concentrated  hydrochloric  acid,  and  the  solution  was  allowed 
to  stand  for  24  hours  in  the  ice  box.  The  dark  red  crystalline 
plates  that  separated  were  filtered,  washed  with  dilute  hydro- 
chloric acid,  and  dried  in  a  vacuum  over  sulfuric  acid  and  potas- 
sium hj'droxide.  The  dry  substance,  55.6  gm.,  was  digested  in 
400  cc.  of  warm  benzene,  filtered,  washed  with  warm  benzene 
and  finally  with  ether,  and  dried  in  a  vacuum  over  sulfuric  acid. 
The  dark  red  picrate  weighed  2.7  gm. 

The  crude  picrates  were  converted  into  anthocyanin  chloride 
in  the  manner  already  described.  The  yield  was  7.1  gm.  This 
substance  was  purified  and  crystallized  by  the  same  method  as 
before.  The  cr3^stalline  anthocyanin  chloride  after  drying  in 
the  air  weighed  4.15  gm. 

It  was  anal3'zed  after  drying  at  105°  in  a  vacuum  over  phos- 
phorus pentoxide. 
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0.1623  and  0.2383  gm.  substance  lost  on  drying  0.0117  and  0.0174  gm. 
0.1506  gm.  substance:  0.0645  gm.  H2O  and  0.2895  gm.  CO2.     0.2208  gm. 
substance:  0.0587  gm.  AgCl. 

Calculated  for  CasHssOuCl  (.528.5).     C  52.22,  H  4.73,  CI  6.71  per  cent. 
Found.     C  52.42,  H  4.79,  CI  6.57  per  cent. 
Calculated  for  2.5  H2O,  7.84  per  cent. 
Found.     H2O  7.20,  7.30  per  cent. 

The  anthocyanidin  chloride  was  prepared  by  h3'drolyzing  the 
gkicoside  and  it  was  purified  by  recr3'stallization  in  the  manner 
already  described.     For  analysis  it  was  dried  as  mentioned  above. 

0.1246  and  0.1240  gm.  substance  lost  on  drying  0.0082  and  0.0079  gm. 
0.1164  gm.  substance:  0.0426  gm.  H2O  and  0.2359  gm.  CO..     0.1166  gm. 
substance:  0.0422  gm.  AgCl. 

Calculated  for  CnHuOjCl  (360.5).     C  55.66,  H  4.09,  CI  9.68  per  cent. 

Found.     C  55.27,  H  4.09,  CI  9.00  per  cent. 

Calculated  for  1.5  H2O,  6.86  per  cent. 

Found.     H2O  6.58,  6.37  per  cent. 

Methoxyl  determination.    0.2020  gm.  substance :  0.1546  gm.  Agl. 

Calculated  for  1  CH3O,    8.45  per  cent. 

"  2  CH3O,  16.91    "        "  . 

Found.     CH3O  10.11  per  cent. 

It  is  evident  from  the  above  analyses  that  the  pigments  isolated 
from  Norton  grapes  by  the  two  methods  were  identical  in  composi- 
tion. It  should  be  noted,  however,  that  the  isolation  of  the  antho- 
cyanin  by  the  dilute  hydrochloric  acid  method  is  much  easier, 
less  expensive,  and  less  time-consuming  than  by  glacial  acetic 
acid.  The  yield,  by  the  first  method,  of  crystalline  picrate  is 
also  somewhat  greater. 

The  Anthocyan  in  Concord  Grapes  {Vitis  lahrusca). 

The  skins  of  Concord  grapes  were  prepared,  pressed,  and 
digested  in  glacial  acetic  acid.  The  pigment  was  isolated  from 
the  acetic  acid  solution,  precipitated  by  means  of  picric  acid, 
and  the  glucoside  was  prepared  from  the  picrate  as  already 
described  under  Norton  grapes.  From  3,850  gm.  of  fresh  pressed 
skins  we  obtained  14  gm.  of  the  crude  anthocyanin  chloride. 

Purification  of  the  Glucoside. 

3  gm.  of  the  crude  glucoside  were  dissolved  in  20  cc.  of  meth}-! 
alcohol  and  to  the  bright  carmine-red  solution  were  added  25  cc- 
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of  cth}!  alcohol,  containing  7  cc.  of  21  per  cent  hydrochloric  acid 
in  absolute  alcohol.  The  slight  precipitate  that  formed  on  adding 
the  acidified  alcohol  was  filtered  off  and  the  clear  filtrate  was 
allowed  to  stand  in  a  loosely  covered  dish  at  room  temperature 
for  3  days.  The  substance  separated  slowly  in  the  form  of  small 
dark  reddish  brown  uniform  granules.  The  substance  was  filtered 
and  washed,  first  in  a  mixture  of  alcohol  and  ether,  and  finally 
in  ether.  After  drying  in  the  air  the  substance  weighed  1.5  gm. 
It  was  analyzed  after  drying  at  105°  in  a  vacuum  over  phosphorus 
pentoxide. 

0.1507  and  0.1941  gm.  substance  lost  on  drying  0.0089  and  0.0120  gm. 
0.1418  gm.  substance:  0.0619  gm.  H2O  and  0.2708  gm.  CO2.     0.1812  gm. 
substance:  0.0455  gm.  AgCl. 

Calculated  for  C23H.5O12CI  (528.5).     C  52.22,  H  4.73,  CI  6.71  per  cent. 
Found.     C  52.08,  H  4.88,  CI  6.21  per  cent. 
Calculated  for  2  H2O,  6.37  per  cent. 
Found.     H2O  5.90,  6.18  per  cent. 

•  The  composition  of  this  substance  is  identical  with  that  of  the 
anthocyanin  chloride  that  had  been  isolated  from  Norton  grapes. 

Preparation  and  Analysis  of  the  Anthocyanin  Picrate. 

About  4  gm.  of  the  crude  glucoside  were  dissolved  in  400  cc. 
of  water,  containing  a  few  drops  of  hydrochloric  acid.  The 
solution  was  filtered  and  mixed  with  2.5  liters  of  a  saturated 
aqueous  solution  of  picric  acid  w'armed  to  40°C.  The  picrate 
separated  when  the  solution  was  allowed  to  stand  at  room  tem- 
perature over  night  in  the  form  of  bright  red  bundles  of  needle- 
shaped  crystals.  The  cr3'stals  were  filtei'ed  on  a  Buchner  funnel 
and  washed  carefully  with  ether.  After  drying  in  the  air  the 
substance  weighed  2.2  gm.  For  analysis  it  was  dried  in  a  vacuum 
at  105°  over  phosphorus  pentoxide. 

0.1592  and  0.2385  gm.  substance  lost  on  drying  0.0137  and  0.0204  gm. 
0.1455  gm.  substance :  0.0489  gm.  H2O  and  0.2583  gm.  CO2. 
0.2179  gm.  substance :  N,  10.4  cc.  at  20°C.  and  747  mm. 
Calculated  for  C23H250i2-C6H2(N02)30H  (722).     C  48.20,  H  3.87,  N  5.81 
per  cent. 

Found.     C  48.41,  H  3.76,  N  5.46  per  cent. 
Calculated  for  4  H2O,  9.06  per  cent. 
Found.     H2O  8.60,  8. .55  per  cent. 
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The  purified  picrate  mentioned  above  was  converted  into  antho- 
cyanin  chloride  by  the  method  ah-eady  described.  It  was  analyzed 
after  drying  in  the  manner  mentioned  above. 

0.1467  and  0.2086  gm.  substance  lost  on  drying  0.0099  and  0.0136  gm. 
0.1368  gm.  substance:  0.0586  gm.  H2O  and  0.2645  gm.  COo.     0.1946  gm. 
substance:  0.0511  gm.  AgCl. 

Calculated  for  C23H25O12CI  (528.5).     C  52.22,  H  4.73,  CI  6.71  per  cent. 
Found.     C  52.73,  H  4.79,  CI  6.49  per  cent. 
Calculated  for  2  H2O,  6.37  per  cent. 
Found.     H2O  6.74,  6.51  per  cent. 

Hydrolysis  of  Anthocyanin  Chloride. 
Quantitative  Determination  of  Anthocyanidin  Chloride  and  Glucose. 

The  dried,  purified  anthocyanin  chloride,  0.9396  gm.,  was  dis- 
solved in  10  cc.  of  warm  water  and  to  this  solution  were  added 
50  cc.  of  25  per  cent  hydrochloric  acid.  The  solution  was  rapidly 
heated  to  boiling  and  boiled  for  4  minutes.  The  sugar-free  pig- 
ment began  to  crystallize  out  after  the  solution  had  boiled  for 
2  minutes.  After  the  solution  had  cooled  and  stood  in  a  freezing 
mixture  for  some  time  the  precipitated  pigment  was  filtered  off, 
washed  with  cold  25  per  cent  hydrochloric  acid,  dried  in  a  vacuum 
desiccator  over  sulfuric  acid  and  potassium  hydroxide,  and 
finally  dried  in  vacuum  over  phosphorus  pentoxide  at  105°C. 

The  filtrate  from  the  anthocyanidin  chloride  was  dark  red  in 
color.  The  pigment  that  remained  dissolved  in  the  dilute  hydro- 
chloric acid  was  extracted  with  amjd  alcohol,  leaving  a  colorless 
solution.  The  amyl  alcohol  was  evaporated  and  the  residue  was 
dried  as  mentioned  above. 

The  dry  crystalline  anthocyanidin  chloride  weighed  0.5627  gm. 
and  the  pigment  extracted  with  amyl  alcohol  weighed  0.0513  gm. 
The  total  weight  was,  therefore,  0.6140  gm. 

The  glucose  was  estimated  in  the  filtrate  by  Fehling's  solution 
after  first  extracting  the  amyl  alcohol  with  ether.  The  amount 
of  glucose  found  was  0.2384  gm. 

Calculated  according  to  the  equation 

C23H25O12CI  +  H2O  =  .CnHuOTCl+CeHjsOe 

anthocyanidin  chloride,  0.6301  gm.;  glucose,  0.3095  gm.  We 
recovered,  therefore,  97.4  per  cent  of  the  anthocj'anidin  chloride, 
but  only  77  per  cent  of  the  glucose. 
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Identification  of  the  Glucose  by  means  of  the  Osazone. 

The  filtrate  from  another  portion  of  hydrolyzed  glucoside  was 
extracted  with  amyl  alcohol.  The  excess  of  hydrochloric  acid  was 
removed  b}^  adding  lead  carbonate,  filtering,  and  precipitating 
the  filtrate  with  h3^drogen  sulfide.  After  removing  the  lead 
sulfide,  the  filtrate  was  concentrated  under  reduced  pressure  to  a 
thin  syrup.  The  syrup  was  dissolved  in  15  cc.  of  warm  water, 
filtered,  mixed  with  phenylhydrazine  reagent,  and  heated  on  the 
water  bath.  The  osazone  was  recrystallized  from  warm  dilute 
alcohol.  The  needle-shaped  crystals  that  separated  appeared  to 
be  identical  in  form,  when  examined  under  the  microscope,  with 
glucosazone  prepared  from  pure  dextrose.  When  rapidly  heated 
in  a  capillary  tube  the  dry  osazone  melted  with  decomposition 
at  204°C.  (uncorrected).  It  is  evident,  therefore,  that  the  sugar, 
liberated  on  hydrolyzing  the  glucoside,  is  dextrose. 

Anihocyanidin  Chloride  from  Concord  Grapes. 

The  anthocyanidin  chloride,  obtained  on  hydrolyzing  the 
glucoside  from  Concord  grapes,  appeared  to  crystallize  less  readily 
than  the  corresponding  preparation  obtained  from  Norton  grapes. 
There  was,  however,  no  difference  in  composition.  The  sub- 
stance was  analyzed  after  drying  at  105°C.  in  a  vacumn  over 
phosphorus  pentoxide. 

0.1594  and  0.2123  gm.  substance  lost  on  drying  0.0116  and  0.0151  gm. 
0.1478  gm.  substance:  0.0518  gm.  H2O  and  0.3035  gm.  CO2.     0.1971  gm. 
substance :  0.0727  gm.  AgCl. 

Calculated  for  C17H15O7CI  (366.5).     C  55.66,  H  4.09,  CI  9.68  per  cent. 
Found.     C  56.00,  H  3.92,  CI  9.12  per  cent. 
Calculated  for  1.5  H2O,  6.86  per  cent. 
Found.     H2O  7.27,  7.11  per  cent. 

SUMMARY. 

The  pigments  occurring  in  Norton  and  Concord  grapes  have 
been  isolated  and  studied.  After  purification  these  pigments  were 
found  to  be  identical  in  composition  and  properties. 

The  coloring  matter  consists  principally  of  a  monoglucoside, 
anthocyanin,  which  is  very  similar  to  oenin  derived  from  Viiis 
vinifera,  differing  from  the  latter  only  in  the  color  reaction  with 
ferric  chloride. 


R.  J.  Anderson  813 

The  anthocyanin  chloride  corresponds  to  the  formula 
C23H25O12CI.  On  hydrotysis  with  boiling  hydrochloric  acid  it 
yields  1  molecule  of  glucose  and  1  molecule  of  the  sugar-free 
pigment,  anthocyanidin  chloride,  C17H15O7CI. 

The  spectrum  of  anthocyanin  chloride  consists  of  one  broad 
band  with  indefinite  margins  extending  from  the  yellow  into 
the  blue. 

The. anthocyanidin  chloride  crj^stalhzes  in  beautiful  prisms.  It 
is  very  similar  to  oenidin  chloride  which  is  obtained  on  hj^dro- 
lyzing  oenin,  but  it  differs  in  that  it  contains  a  lower  percentage 
of  methoxyl  groups. 


STUDIES  OF  URINARY  ACIDITY. 

II.     THE   INCREASED   ACIDITY   PRODUCED   BY  EATING   PRUNES 
AND  CRANBERRIES. 

By  N.  R.  BLATHERWICK  and  M.  LOUISA  LONG. 

(From  the  Chemical  Laboratory  of  the  Potter  Metabolic  Clinic,  Santa  Barbara 
Cottage  Hospital,  Santa  Barbara.) 

(Received  for  publication,  July  31,  1923.) 

Practically  every  one  now  understands  that  most  of  the  various 
organic  acids  present  in  the  fruits  are  completely  oxidized  within 
the  body.  The  contained  acids,  therefore,  do  not  exhibit  any 
ultimate  acid  effect  but,  on  the  contrary,  fruits  cause  the  pro- 
duction of  less  acid  urines  because  of  the  alkaline  ash  which  they 
yield.  Prunes,  plums,  and  cranberries  are  an  exception  to  this 
general  truth,  as  was  demonstrated  by  one  of  us  (Blatherwick, 
1914).  These  fruits  contain  benzoic  acid  and  some  other  sub- 
stance or  substances  from  which  the  body  fonns  hippuric  acid 
which  is  eliminated  in  the  urine.  However,  the  magnitude  of 
the  effects  on  urinary  acidity  found  in  the  investigation  referred 
to  seemed  too  large  to  be  explained  by  the  synthesis  of  hippuric 
acid  from  the  small  amount  of  benzoic  acid  said  to  be  present  in 
these  fruits.  We  have,  therefore,  repeated  this  experiment, 
making  determinations  of  hippuric  acid,  the  values  for  which  were 
not  obtained  in  the  former  investigation. 

Two  healthy  young  individuals  volunteered  as  subjects  for  this 
study.  Subject  B.  was  given  a  uniform  basal  diet  of  the  follow- 
ing composition:  whole  milk,  1,200  cc;  graham  crackers,  300  gm.; 
one  egg;  raw  apple,  150  gm.;  and  cream,  200  cc.  The  diet  of 
Subject  L.  was  similar  excepting  that  she  ate  neither  the  egg  nor 
the  cream.  After  several  days  on  this  diet  the  fruit  in  question 
was  added  to  the  diet.  The  prunes  and  cranberries  were  eaten 
in  the  form  of  a  sauce  and  were  weighed  before  cooking. 

The  methods  used  were  those  described  in  the  first  paper  of 
this  series  (Blatherwick  and  Long,  1922).  Hippuric  acid  was 
determined  by  the  method  of  Kingsbury  and  Swanson  (1921). 
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The  experimental  data  obtained  from  this  study  are  given  in 
Table  I.     A  careful  perusal  of  the  values  for  the  urines  of  the 
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prune  period  shows  that  the  following  changes  occurred :  decreases; 
in  the  pH  value  (a  greater  concentration  of  hydrogen  ions);  in- 


N.  R.  Blatherwick  and  M.  L.  Long;  817 


is 


-creases  in  the  titratable  acidity;  no  significant  changes  in  the 
phosphorus  excretion;  significant  increases  in  the  ammonia  output; 
marked  decreases  in  the  total  nitrogen;  and  very  large  increases 
in  the  values  for  organic  acids  and  for  hippuric  acid. 

These  results  demonstrate  that  the  increased  acidity  of  the 
urine  which  is  produced  by  eating  prunes  is  in  fact  due  to  the 
synthesis  and  excretion  of  hippuric  acid.  The  augmented  values 
for  organic  acids  are  found  to  agree  quite  closely  with  the  theo- 
retical figures  calculated  from  the  extra  excretion  of  hippuric  acid. 
Thus,  the  average  daily  organic  acid  excretion  of  Subject  B. 
on  the  basal  diet  was  505  cc.  of  0.1  N  acid,  and  the  average  daily 
output  of  hippuric  acid  was  0.90  gm.  On  March  24,  11.24  gm. 
of  hippuric  acid  were  eliminated,  an  increase  of  10.34  gm.  over 
the  preliminary  period.  Since  hippuric  acid  is  titrated  to  the 
extent  of  about  90  per  cent  by  the  method  used,  therefore,  10.34 
gm.  X  0.90  =  9.31  gm.  should  have  been  available  for  titration, 

9  31 
or  the  equivalent  of  ^t^^jt^  =  520  cc.  of  0.1  n  acid.  The  ob- 
served increase  of  organic  acid  excretion  over  that  of  the  prelimi- 
nary period  was  487  cc.  This  calculation  leaves  a  discrepancy 
of  only  37  cc.  of  0.1  N  acid.  There  was  considerable  variation 
from  day  to  day  but  it  is  evident  that  the  two  methods  are  re- 
liable. There  was  no  increase  in  the  excretion  of  phosphorus 
such  as  occurs  when  sour  milk  is  drunk  (Blatherwick  and  Long, 
1922).  It  will  be  noted  that  the  prune  diet  produced  a  marked 
fall  in  the  output  of  total  nitrogen.  Since  there  was  no  evidence 
of  greater  elimination  from  the  bowel,  it  is  probable  that  this 
represents  a  protein-sparing  effect  of  the  carbohydrate  contained 
in  the  fruit.  The  same  drop  in  total  nitrogen  was  observed  in 
the  original  investigation  (Blatherwick,  1914). 

.  On  March  7,  Subject  L.  ate  305  gm.  of  cranberries.  The 
changes  produced  in  the  composition  of  the  urine  were  similar 
to  those  which  followed  the  ingestion  of  prunes,  but  the  extra 
hippuric  acid  amounted  to  less  than  one-half  that  formed  from 
the  same  weight  of  prunes. 

What  is  the  source  of  the  hippuric  acid  formed  when  these 
fruits  are  metabolized?  Radin  (1914)  reported  that  prunes  and 
cranberries  contain,  respectively,  0.05  and  0.06  per  cent  of  ben- 
zoic acid.     We  have  made  determinations  of  the  benzoic    acid 
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content  of  these  fruits,  using  the  followine;  method.  Approxi- 
mately 50  gm.  of  the  fruit  were  boiled  until  disintegrated  in  water 
containing  about  0  gm.  of  sodium  hydroxide.  The  digest  was 
then  made  to  500  cc.  and  fdtered.  100  cc.  of  filtrate  were  trans- 
ferred to  a  distilling  flask  and  10  cc.  of  concentrated  sulfuric  acid 
were  added.  Distillation  in  a  current  of  steam  was  then  con- 
ducted until  from  400  to  500  cc,  had  collected.  The  distillate 
was  next  concentrated  to  a  volume  of  about  25  cc,  transferred 
to  a  Kjeldahl  flask,  and  about  7  gm.  of  sodium  hydroxide  were 
added.  The  remainder  of  the  procetlure  was  similar  to  that 
used  for  the  determination  of  hippuric  acid  in  urine.  This 
method  gave  values  of  0.147  per  cent  benzoic  acid  in  prunes  and 
of  0.096  per  cent  in  cranberries.  The  extra  elimination  of  hip- 
puric acid  by  Subject  B.  on  March  24  was  10.34  gm.  Supposing 
this  to  have  arisen  from  benzoic  acid  per  se  would  require  a  con- 
tent of  2.35  per  cent  in  the  prunes.  Such  calculations  compel 
one  to  look  elsewhere  for  the  chief  precursors  of  hippuric  acid 
in  these  fruits.  Quinic  acid  is  the  most  probable  compound 
concerned  in  this  synthesis. 

SUMMARY. 

Further  data  are  presented  which  show  that  the  increased 
acidity  of  urines  formed  after  eating  prunes  and  cranberries  is 
produced  by  hippuric  acid.  The  greater  portion  of  this  hippuric 
acid  is  derived  from  sources  other  than  benzoic  acid. 
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STUDIES  IN  THE  CHEMISTRY  OF  HEMOGLOBIN. 

I.     THE  PREPARATION  OF   HEMOGLOBIN. 

By  R.  M.  ferry.* 

(From  the  Department  of  Physical  Chemistry,  in  the  Laboratory  of  Physiology; 
Harvard  Medical  School,  Boston.) 

(Received  for  publication,  August  9,  1923.) 

Most  of  the  phj'sicochemical  problems  in  the  blood  appear 
to  center  about  hemoglobin,  largely  on  account  of  the  peculiar 
properties  which  depend  on  its  combination  with  o.vN-gen.  We 
have  therefore  attempted  to  debase  a  more  satisfactory  method 
for  the  preparation  of  pure  hemoglobin  on  which  we  could  base 
further  studies. 

There  have  in  the  past  been  man^-  such  attempts.  Beginning  with  the 
observation  of  Hiinefeld  (1)  in  IS-iO  that  the  blood  of  an  earthworm  j-ielded 
a  crj-stalline  substance,  Reichert  (2),  von  Kolliker  (3),  Lejdig  (4),  Budge 
(5),  Kunde  (6),  and  many  others  noted  that  blood  from  various  species 
j'ielded  a  similar  crystalline  substance.  As  earlj-  as  1852  Funke  (7)  de- 
scribed the  method  of  laking  blood  with  water  and  then  inducing  crystal 
formation  with  alcohol  and  ether.  Although  he  prepared  only  small 
quantities  of  hemoglobin,  the  principle  of  this  method  has  been  widely 
used  up  to  the  present. 

In  1862  Hoppe-Seyler  (8)  noted  the  characteristic  absorption  spectra  of 
various  modifications  of  hemoglobin.  His  observation  that  hemoglobin 
changed  readily  when  in  acid  solution  is  significant,  as  is  the  further  obser- 
vation that  all  the  hemoglobin,  under  ordinary  conditions,  never  goes  into 
the  changed  form  that  we  now  recognize  as  methemoglobin,  thereby 
suggesting  that  met-  and  oxyhemoglobin  form  an  equilibrium  mixture. 
Whereas  the  experiments  of  Hoppe-Seyler  suggested  the  respiratory  nature 
of  the  pigment,  Stokes  (9)  apparently  deserves  the  credit  for  appreciating 
its  highly  important  function  in  the  blood.  The  important  fact  that 
oxyhemoglobin  is  less  soluble  than  the  reduced  form  was  noted  bj^  Kiihne 
(10)  as  earl}-  as  1865. 

One  may,  however,  consider  that  serious  attention  to  the  preparation  of 
hemoglobin  on  other  than  a  microscopic  scale  began  at  the  time  of  Preyer 

*  Medical  Fellow  of  the  National  Research  Council. 
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(11)  (in  1S60  or  thereabouts)  who  collected  most  of  the  knowledge  then  cur- 
rent in  his  book.  The  methods  of  purification  described  by  him  all  depend 
on  crystallization.  The  numerous  modifications  may  be  separated  into 
three  general  groups.  Frequently  two  methods  were  combined  in  order  to 
obtain  a  better  yield. 

First  Group. — An  impure  solution  of  hemoglobin  was  obtained  from 
corpuscles  or  blood  clot  and  laked  either  by  alternate  freezing  and  thawing 
or  by  the  addition  of  water,  ether,  or  bile  salts.  To  this  solution  were  added 
ether,  in  the  proportion  of  50  to  70  cc.  per  liter,  and  alcohol  to  give  a  con- 
centration of  about  25  per  cent  by  volume.  The  resulting  solution  was 
set  aside  in  the  cold  until  a  good  crop  of  crystals  appeared.  The  crystalline 
yield  could  be  dissolved  in  water  and  then  recrystallized  as  desired  in  a 
similar  manner. 

Second  Group. — An  impure  solution  of  hemoglobin  prepared  as  in  the  first 
method  was  treated  with  ammonium  sulfate  sufficient  to  give  approximately 
half  saturation  or  sodium  sulfate  in  high  concentration.  Crystals  appeared 
after  standing  at  room  temperature  for  varying  periods  of  time.  After 
solution  in  water,  recrystallization  could  be  repeated. 

Third  Group. — A  rather  more  concentrated  but  impure  solution  of 
hemoglobin  was  treated  with  oxygen  and  carbon  dioxide.  The  crystals 
obtained  could  be  dissolved  in  a  minimal  amount  of  water,  and  again  formed 
by  passing  oxj^gen  and  carbon  dio.xide  into  the  solution.  Recently,  Dudley 
and  Evans  (12)  have  obtained  crystals  from  horse  blood  by  the  use  of  oxygen 
alone.  In  our  experience  this  method  is  not  very  successful.  It  has  been 
improved  bj'  Heidelberger  and  made  extremely  useful  (13). 

Except  from  the  method  last  described  the  product  was  usually  unstable 
and  never  pure.  The  alcohol-ether  method  has  the  further  objection  that 
proteins  are  often  denatured  under  such  conditions,  as  well  as  the  possi- 
bility that  a  loose  lipoid-protein  complex  may  be  destroyed.  Unfortu- 
nately, the  use  of  ammonium  sulfate  results  in  a  relatively  high  proportion 
of  methemoglobin.  Consequently,  most  investigators  have  contented 
themselves  with  dialyzed  corpuscles,  which,  to  be  sure,  have  led  to  signifi- 
cant results,  especially  in  the  hands  of  Barcroft  (14),  Haldane,  and  their 
collaborators.     Unfortunately,  such  results  are  not  always  reproducible. 

Bearing  the  older  jDrocedures  in  mind,  we  sought  to  develop  a, 
method  which  involved  only  physical  processes  and  the  addition 
of  such  substances  as  were  already  present  in  the  blood.  Viewed 
in  this  way,  the  preparation  of  a  pure  product  evidently  resolved 
itself  into  three  distinct  problems:  freeing  the  hemoglobin  from 
plasma  proteins ;  of  stromata  and  intracorpuscular  protein ;  and  of 
electrolytes. 

In  our  procedure  corpuscles  from  citrated  horse  blood^  were 

I  Obtained  from  the  Antitoxin  Laboratory  of  the  Massachusetts  Depart- 
ment of  Public  Health  through  the  courtesy  of  its  director,  Dr.  G.  Benjamin 
White.     In  this  way  we  were  assured  of  clean  material  at  the  outset. 
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washed  in  the  ordinary  laboratory  centrifuge  six  times  with  an 
equal  volume  of  1.5  per  cent  sodium  chloride  solution.  A  series 
of  experiments  showed  that  a  concentration  of  1.5  per  cent  sodium 
chloride  was  most  advantageous  in  that  the  corpuscles  sedimented 
promptly,  were  closely  packed  by  centrifugation,  and  were  very 
little  hemolyzed.  Higher  concentrations  apparently  decreased 
the  life  of  the  corpuscles  and  were  therefore  less  desirable  in  spite 
of  better  packing.  Heating  the  supernatant  fluid  after  the  sixth 
washing  showed  that  very  little  plasma  protein  remained.  Further 
washing  probably  removed  more  plasma  protein,  but  increasing 
hemolysis  rendered  heat  coagulation  inapplicable  as  a  test.  Con- 
sequently, since  the  amount  of  residual  plasma  protein  must 
necessarily  have  been  very  small,  we  washed  only  six  times. 

At  this  point  we  employed  a  different  method  of  centrifuga- 
tion. By  means  of  the  Sharpies  centrifuge,  an  apparatus  consist- 
ing essentially  of  a  hollow  cylinder  of  about  2  inches  diameter 
which  rotates  25,000  to  35,000  r.p.m.,  we  could  secure  an  extremely 
concentrated  buttery  paste  composed  largely  of  crj^stalline 
hemoglobin  and  shrunken  corpuscles.  This  method  of  centrifuga- 
tion was  extremely  effective  since  the  high  speed  attained  results 
in  greater  centrifugal  force  than  that  attained  in  centrifuges  of 
greater  radii  running  at  slower  speeds.  It  had  the  further  advan- 
tage that  the  process  was  continuous,  inasmuch  as  a  suspension  of 
corpuscles  diluted  with  5  to  6  volumes  of  1.5  per  cent  sodium 
chloride  solution  could  be  run  into  the  machine  while  the  paste  and 
waste  solution  appeared  at  the  respective  outlets.  As  a  result  we 
could  use  relatively  large  volumes  thereby  greatly  increasing  the 
effectiveness  of  our  final  washing.  The  high  pressure  developed 
in  this  method  destroyed  the  corpuscles  and  liberated  hemoglobin. 
Reference  to  Table  I  will  indicate  the  hemoglobin  concentration 
attained  by  this  procedure.  It  is  worthy  of  note  that  the  paste 
contained  about  50  per  cent  hemoglobin  by  weight,  using  either 
the  nitrogen  content  or  oxj^gen  capacity  of  diluted  samples  as  an 
index  of  concentration. 

The  paste  from  the  Sharpies  centrifuge  was  next  diluted  with 
three  to  four  times  its  own  volmne  of  water.  Nearly  complete 
hemolysis  resulted.  Acting  on  the  observation  of  Adair,  Barcroft, 
and  Bock  (15)  that  the  addition  of  sodium  chloride  to  dialyzed 
corpuscles  causes  the  previously  difficultly  visible  ghosts  to  become 
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readily  visible  under  the  microscope,  we  added  sufficient  sodium 
chloride  by  weight  to  give  a  2  per  cent  solution.  Centrifuging 
again  at  this  point,  in  the  Sharpies  centrifuge,  rid  the  solution  of 
nearly  all  the  stroma  substance  and  gave  a  moderately  concen- 
trated solution  of  hemoglobin  containing  very  small  amounts  of 
foreign  protein  as  an  impurity.  This  step  had  the  added  virtue 
of  eliminating  bacteria  that  maj^  have  been  present. 

This  solution  was  next  dialyzed  in  collodion  membranes  prepared 
in  Erlenmeyer  flasks  of  250  to  500  cc.  capacity  from  a  solution 
made  up  as  follows: 

Pyroxylin 5  gm. 

Ether 75  cc. 

Ethyl  alcohol 25   " 

"     acetate 5" 

a  modification  of  the  preparation  suggested  by  Looney  (16). 
This  type  of  membrane  was  selected  since  it  gave  a  high  per- 
meabihty  to  electrolj-tes  with  very  slight  leakage  of  hemoglobin 
• — as  was  demonstrated  by  a  series  of  pertinent  experiments. 
Dialysis  was  usually  continued  against  frequent  changes  of  dis- 
tilled water  until  the  dialysate  gave  no  precipitate  with  silver 
nitrate  in  acid  solution  and  imtil  the  filtrate  from  a  coagulated 
portion  of  the  hemoglobin  within  the  membrane  gave  at  most  a 
faint  cloud  with  silver  nitrate  in  acid  solution.  This  type  of  dialy- 
sis lasted  about  3  days.  Occasionally  the  membranes  contained  a 
small  amount  of  reddish  flocculent  precipitate,  presmnably  due  to 
precipitation  of  traces  of  serum  globulin  or  of  stroma  protein  that 
had  not  previously  been  removed.  Whenever  this  occm-red,  the 
solution  was  again  centrifuged.  The  solution  always  had  the 
classical  clear  bm'gundy-red  color  characteristic  of  oxyhemoglobin. 
Dilution  always  occurred  during  the  course  of  this  preliminary 
dialysis.  Since  we  felt  that  the  usual  forms  of  drying  might  give 
methemoglobin  or  otherwise  denature  our  product,  we  adopted  as 
a  final  step  the  method  of  negative  pressure  dialysis  described  by 
Sorensen  (17)  as  slightly  modified  by  Cohn.^  In  this  method 
the  osmotic  pressure  of  the  dialyzing  solution  was  kept  constant. 
Hence,  as  the  electrolytes  passed  into  the  dialysate,  the  protein 
solution  was  concentrated.     In  this  way  we  frequently  halved  the 

*  Cohn,  E.  J.,  Personal  communication. 
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volume  of  our  solution  over  night  and  invariably  obtained  a 
deposit  of  crystalline  hemoglobin  at  the  bottom  of  our  membranes 
in  the  course  of  2  to  3  days.  Solution  and  recrystallization  were 
then  possible,  but  up  to  the  present  have  not  been  utilized. 
The  contents  of  the  membranes  were  then  used  directly  or  in 
appropriate  dilutions  in  the  work  that  follows. 

The  entire  process  with  the  exception  of  centrifugation  was 
carried  out  in  the  cold  room  at  2°C.  Centrifugation  was  performed 
in  iced  containers. 

Hemoglobin  prepared  in  this  manner  gives  clear  burgundy-red 
solutions.  The  crystals  were  always  readily  soluble  in  distilled 
water.  It  is  noteworthy  that  preparations  obtained  in  this  manner 
were  always  of  nearly  the  same  concentration;  they  were  in  fact 
saturated  solutions  of  hemoglobin  at  the  temperature  of  the  cold 
room.  The  hydrogen  ion  concentration  of  the  reduced  solution  as 
measured  by  the  hydrogen  electrode  never  varied  more  than  0.3 
from  1  X  10  ~%.  It  is  probable  that  our  solutions  were  not  iso- 
hydric  with  the  isoelectric  point  of  hemoglobin.  They  were 
reducible  by  the  usual  procedures  and  took  up  oxj^gen  with 
avidity.  No  diminution  of  oxj-gen  capacity  occurred  until 
dialysis  was  begun.  It  is  possible,  as  other  experiments — 
not  yet. complete — suggest,  that  this  ma}-  in  part  be  due  to 
the  removal  of  base  from  hemoglobin  during  dialysis  and  the  result- 
ing formation  of  the  acid  form  which,  with  slighter  dissociation, 
has  a  lower  oxygen  capacity.  This  hypothesis  accords  with  results 
of  Adolph  and  Ferry  (18)  who  noted  that  hemoglobin  in  equilib- 
riimi  with  oxj^gen  tensions  sufficient  to  give  approximately  half 
saturation  took  up  more  oxj^gen  after  addition  of  alkali,  but  less 
after  addition  of  acid. 

In  Tables  I  and  II  are  given  the  results  of  analyses  indicating 
the  purit}^  of  our  product.  Judging  from  the  figures  for  ash  and 
chlorides,  our  electrolyte  content  was  extremely  low.  It  is 
believed  that  comparison  of  values  for  the  concentration  of  hemo- 
globin derived  from  nitrogen  analyses  performed  by  the  Kjeldahl 
method  with  those  given  by  the  method  of  oxygen  capacitj^  using 
the  Van  Slyke  constant  volume  apparatus  is  a  valuable  addition 
to  the  technique,  furnishing  as  it  does  a  criterion  for  the  presence 
of  serum  and  stroma  proteins  as  well  as  of  methemoglobin. 

The  method  of  cataphoresis  was  used  as  a  test  for  freedom  from 
other  proteins.     This  depends  on  the  fact  that  when  proteins  are 
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subjected  to  a  difference  in  electric  potential  they  migrate  to  the 
cathode  if  they  are  dissociated  as  bases  at  reactions  more  acid  than 
their  isoelectric  points;  to  the  anode  if  dissociated  as  acids  at  less 
acid,  or  at  alkaline,  reactions.  Inasmuch  as  the  isoelectric  points 
of  the  scrum  proteins — serum  albumin  and  serum  globulin,  which 
coincide  with  pH  4.7  and  5.4,  respectively^ — differ  widely  from 
that  of  hemoglobin  at  pH  6.78,  it  is  possible  to  adjust  the  reaction 
to  such  a  point  that  when  a  current  is  passed  hemoglobin  will 
migrate  in  one  direction,  the  serum  proteins,  in  another.  We 
added  to  the  hemoglobin  preparation  sufficient  acid  to  bring  the 
reaction  to  pH  6.5  to  6.2.  This  in  turn  was  mixed  with  a  phos- 
phate solution  as  buffer,  after  which  the  adjusted  solution  was 
delivered  into  a  modified  U-tube  apparatus,  previously  described 
by  Cohn,  Gross,  and  Johnson  (19).  The  current  was  turned  on 
for  24  hours.  At  the  end  of  this  time  hemoglobin  ionized  as  base 
had  migrated  towards  the  cathode;  the  other  blood  proteins  behaved 
as  acid  radicals  and  moved  towards  the  anode.  The  anodal  por- 
tion of  the  fluid  was  removed,  enough  potassium  sulfate  added  to 
insure  complete  coagulation,  and  then  heated  as  a  test  for  foreign 
blood  protein.  In  our  best  preparations  this  test  showed  only 
very  small  amounts  of  foreign  blood  protein  contained  in  the  clear 
colorless  fluid  from  the  anodal  portion  of  the  vessel.  The  white 
flocculent  coagula  obtained  in  this  way  were  readily  distinguish- 
able from  the  characteristic  chocolate-brown  hemoglobin  coagulum. 
This  procedure  can  readily  be  made  quantitative,  and  it  is  believed 
that  it  is  a  valuable  step  in  effecting  protein  separations,  as  well 
as  determining  the  freedom  of  one  protein  from  another. 

Using  material  prepared  in  this  manner  we  have,  with  E.  J. 
Cohn,  determined  a  titration  curve  of  reduced  hemoglobin  with 
the  hydrogen  electrode.  These  results  are  reproducible.  But  as 
a  result  of  the  work  of  J.  B.  Conant  (20)  upon  the  relationship  of 
met-  and  reduced  hemoglobin,  we  consider  that  the  meaning  of  such 
a  titration  curve  is  doubtful  and  are,  therefore,  unwilling  to  publish 
these  data  at  this  time.  The  implications  of  Conant 's  work  con- 
cerning the  preparation  of  hemoglobin  free  from  methemoglobin  are 
clearly  understood  and  will  shortly  be  made  the  subject  of  further 
investigation.  We  have,  however,  redetermined  the  isoelectric 
point  of  reduced  hemoglobin  by  the  method  of  cataphoresis  in 
heavily  buffered  solutions.     Our  observations  confirm  those  of 
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Michaelis  (21)  and  show  that  the  isoelectric  point  coincides  with 
pH  6.78  ±  0.03  (see  Table  III).  Further  studies  on  the  com- 
bination of  hemoglobin  with  oxygen  that  are  being  conducted  in 
this  laboratory  are  also  consistent  with  each  other. 

Consequently,  we  feel  that  while  the  method  of  preparation 
described  is  in  no  sense  final,  the  results  of  our  analyses  and  the 
reproducibility  of  our  results  demonstrate  its  usefulness. 

TABLE  III. 
Caiaphoresis  of  Reduced  Hemoglobin. 
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Mixture  of  hemo- 
globin and  buffer. 

Migration 
towards 
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a             a 
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li             « 

"       7 
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le             u 
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migration. 

"     18 
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52.00 
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«             (I 

± 

± 

Doubtful  mi- 
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ways. 

June  30 
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50.00 

i(             <t 

0 

+ 

Rose    4.3    mm. 
toward  anode. 

"      21 

7.00 

38.75 

61.25 

a              a 

0 

++ 

Marked  migra- 
tion. 

SUMMARY. 

1.  A  method  of  preparation  for  pure  hemoglobin  is  described. 
In  it  crystaUization  has  been  induced  without  recourse  to  chemical 
means,  but  solely  by  the  aid  of  the  Sharpies  centrifuge  and  the 
principle  of  diatysis  of  reduced  pressure.  A  method  for  determin- 
ing the  freedom  of  proteins  from  each  other  and  their  separation 
is  also  described. 

2.  A  comparison  of  values  for  the  concentration  of  hemoglobin 
obtained  from  nitrogen  analyses  by  the  Kjeldahl  method  with 
those  determined  by  the  oxj'gen  capacity  method  was  applied  as 
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a  criterion  for  the  presence  of  sennii  and  stroma  proteins  as  well 
as  for  the  presence  of  methemoglobin. 

3.  The  method  of  cataphoresis  was  used  in  determining  the 
freedom  of  one  protein  from  another. 

4.  The  isoelectric  point  of  reduced  hemoglobin  has  been  redeter- 
mined and  coincides  with  pH  6.78. 

We  wish  to  thank  Miss  Jessie  L.  Hendry  for  the  chloride,  nitro- 
gen, and  ash  analyses;  and  Dr.  R.  Carrasco-Formiguera  for  the 
oxygen  capacity  analyses  as  done  with  the  Van  Sl3'ke  constant 
volmne  blood  gas  apparatus. 
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Phenol- Red 
Cresol  Red 

Thymol  Blue  (alkaline  range) 
Cresol-phthalein 
Phenol-phthalein 

Section  2-B. — Specially  prepared  and  standardized  Buffer  salts  and  solutions. 
Buffer  mixtures  may  be  obtained  in  series  covering  any  particular  range  of  H-ion 
concentration  from  Ph  1.0  to  10.0. 

Standardized  Buffer  Solutions  (M/5) 

Potassium  Phosphate  Potassium  Phthalate  Sodium  Hydroxide  (CO2  free) 

Potassium  Chloride  Hydrochloric  Acid  Di-Sodium  Phosphate,  2H2O 

A  large  number  of  general  synthetic  and  purified  compounds  are  manufactured  by 
us  and  information  concerning  them  may  be  obtained  by  addressing 


Color  Change 

Ph  Value 

red-yellow 

1.2-2.8 

red-yellow 

2.9-4.0 

yellow-blue 

3.0-4.6 

pink-blue 

4.0-7.2 

red-yellow 

4.4-6.0 

yellow-purple 

5.2-6.8 

red-blue 

5.5-8.9 

yellow-blue 

6.0-7.6 

yellow-red 

6.8-8.4 

yellow-red 

7.2-8.8 

yellow-blue 

8.0-9.6 

colorless-red 

8.2-9.8 

colorless-red 

8.4-9.2 

LA    MOTTE    CHEMICAL    PRODUCTS     CO. 

"Standards  Department" 
13  W.  Saratoga  St.  Baltimore,  Md. 
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THERE  IS  NO  SUBSTITUTE  FOR  PURITY 

RELIABILITY  of   results  is   all-important  to 
you.    In  addition  to  Pfanstiehl  Sugars  and 
Amino  Acids,  the  following  Pfanstiehl  Spe- 
cialties will  appeal  to  you  because  of  their  high  purity: 

Acid,  Hippuric  C.P.  M.p.  189-190°C. 

Acid,  Uric,  C.P.  (Gives  clear,  colorless  solution  in 

con.  H2SO4.) 
Amygdalin,  Highest  Purity. 
Balsam,  Canada  (natural,  paper-filtered). 

"  "         in  Xylol  (extra  thick,  "neutral"). 

Casein,  Highest  Purity. 

Cedarwood  Oil  (refractive  index  L515  at  18°C.). 
Cholesterol,  C.P.  M.P.  145-146°C. 
Decolorizineg  Carbon  Pfanstiehl  (used  for  Pfanstiehl 

Sugars) . 
Gelatine  (for  Culture  Media  in  sheet  form). 
Phloroglucinol,  C.P.  (Diresorcin  free.) 
Trypsin  (tested  experimentally). 

Write  for  our  list  of  Rare  Sugars,  Amino  Acids,  Blood 
Test  Solutions  and  Laboratory  Reagents 

SPECIAL  CHEMICALS  COMPANY 

DEVOTED  TO  THE    CHEMICAL    INDEPENDENCE   OT  AMERICA 

Highland  Park.  Il,l. 


THE  WILLIAMS  &  WILKINS  Company  -  Baltimore 

Publishers  of  Scientific  Journals  and  Booksellers 

MOUNT  ROYAL  and  GUILFORD  AVENUES,  BALTIMORE  (Maryland,  U.  S.  A.). 


'SCIENTIA" 


INTERNATIONAL  REVIEW  OF  SCIENTIFIC  SYNTHESIS 

Published  every  month  (each  number  containing  100  to  120  pa^es) 
Editor:  EUGENIO  RIGNANO 


IS  THE  ONLY  REVIEW  the  contributors  to  which  are  really  international. 

IS  THE  ONLY  REVIEW  that  has  a  really  world-wide  circulation. 

IS  THE  ONLY  REVIEW  of  scientific  synthesis  and  unification  that  deals  with  the  fundamental  questions  of  all 
sciences:  the  history  of  the  sciences,  mathematics,  astronomy,  geology,  physics,  chemistry,  biology,  psychology  and 
sociology. 

IS  THE  ONLY  REVIEW  that  by  means  of  enquiries  among  the  most  eminent  scientists  and  authors  of  all 
countries  (On  llie  philosophical  principles  of  the  various  sciences;  On  the  most  fundamental  astronomical  and  physical 
questions  of  current  interest,  and  in  particular  on  relativity;  On  the  conlribuiion  that  the  different  countries  have  given  to 
the  development  of  various  branches  of  knowledge;  On  the  more  important  biological  questions,  and  in  particular  on  vitalism; 
On  the  ..octal  question;  On  the  great  international  queUions  raised  by  llie  World  War),  studies  all  the  main  problems  dis- 
cussed in  intellectual  circles  all  over  the  world,  and  represents  at  the  same  time  the  first  attempt  at  an  international 
organization  of  philosophical  and  scientific  progress. 

IS  THE  ONLY  REVIEW  that  among  its  contributors  can  boast  of  the  most  illustrious  men  of  science  in  the 
whole  world.    A  list  of  more  than  350  of  these  is  given  in  each  number. 

The  articles  are  published  in  the  language  of  their  authors,  and  every  number  has  a  supplement  containing  the  French 
translation  of  all  the  articles  thai  are  not  French.  The  review  is  thus  completely  accessible  to  those  who  know  only 
French.  (Write  for  a  gratis  specimen  number  to  the  General  Secretary  of  "Scientia,"  Milan,  sending  1  sh.  in  stamps  of 
your  country,  merely  to  cover  postal  expenses). 

SUBSCRIPTION:  Sh.  40;  $10,  post  free                                  OFFICE:  Via  A.  Bertani,  14  -  Milan  (26) 
General  Secretary,  Dr.  Paolo  Bonetti   
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PHYSIOLOGICAL 
ABSTRACTS 

Monthly,  price  Ss.  net.  Annual  Subscription,  post  free,  428. 

This  Journal  is  issued  by  the  PHYSIOLOGICAL 
SOCIETY,  acting  in  cooperation  with  numer- 
ous physiological  organisations  in  Great  Britain, 
America,  and  other  countries. 

The  Editor,  Professor  Halliburton,  is  assisted  by 
a  staff  of  competent  abstractors  both  at  home  and 
abroad. 

The  Journal  aims  at  issuing  promptly  abstracts  of 
the  papers  published  throughout  the  world,  in 
physiological  and  allied  sciences  (including  plant 
physiology). 

A  number  is  published  at  the  beginning  of  each 
month.  ' 

Volume  VIT  begins  with  the  April  (1922)  issue. 

Most  of  the  numbers  of  preceding  volumes  can  still  be  ob- 
tained from  the  Publishers  at  the  price  of  5s.  per  No.  A 
few  numbers  which  are  now  scarce  are  10s.  per  No. 

Subscriptions  are  only  taken  for  April  to  March  of  the 
next  year,  and  are  payable  in  advance. 

PUBLISHED  BY 

H.  K.  LEWIS  &  CO.,  Ltd. 

2«  Gower  Place  LONDON,  W.  G.  1 
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Anthrax  and   Tetanus   Are  Seldom 
Found  in  Range  Sheep 

Armour's  Sterile  Catgut  Ligatures  are  made  from  the  intestines  of  range 
lambs.  Regardless  of  that,  as  much  care  is  taken  at  every  step  of  pro- 
cessing as  could  be  taken  with  "casings"  gathered  here  and  there,  by  manu- 
facturers whose  only  facilities  are  the  open  market.  We,  being  the  source 
of  supply,  select  the  material  that  goes  into  surgical  strings  and,  knowing 
its  destiny,  take  every  precaution  to  insure  great  strength  and  sterility. 

V/e  cffer  ncn-boilable  sterile  catgut  ligatures  000,  03,  0,  1,  2,  3  and  4  plain,  and  the 
same  in  10,  20,  and  0  day  chromic.  These  ligatures  are  very  flexible.  Also  the  same 
sizes  and  kinds  in  the  boilable  grade  and  iodized  catgut  ligatures,  000,  CO,  0, 1 ,  2,  3  and  4. 

Suprarenalin  Solution  1 :1000 

Astringent  and  hemostatic.  The  cne  per- 
fect preparaticn  of  Suprarenal  active  prin- 
ciple, 1  cz.  g.s.  bottles  with  cup  stopper. 
Suprarenalin  Ointment  1:10C0. 

Elixir  of  Enzymes,  digestant  and  vehicle.  BenzoinatedLardU.S.P.,  Pepsin,  Pancreatin, 
Thyroids,  Suprarenals,  Corpus  Luteum,  Ovarian  Substance  and  other  endccrines  in 
powder  and  tablets. 

Booklet  on  the  Endocrines  for  Physicians  and  Pharmacists 

^^     ARMOUR  AN»  COMPANY 

CHICAGO 


Pituitary  Liquid 

The  premier  product  of  the  Posterior  Pitui- 
tary, '  !  c.c.  ampoules  (obstetrical),  1  c.c. 
ampoules  (surgical),  boxes  of  6;  also  boxes 
of  50  f:r  hospitals. 


Published,  January,  1923 
Permanent  Photographic  and  Descriptive  Records 

EXHIBITS    BOOK 

of 
The  Second  International  Exhibition 

EUGENICS 

An  account  of  the  organization  of  the  Second  International  Exhibition 
of  Eugenics,  held  in  connection  with  the  Second  International  Congress  of 
Eugenics. 

The  EXHIBITS  BOOK  gives  the  classification  of  the  exhibits,  the  list 
of  exhibitors,  and  a  catalog  and  description  of  the  material  shown  by  each 
of  the  one  hundred  and  thirty-one  exhibitors. 

COMMITTEE  ON  EXHIBITS:  Harry  H.  Laughlin,  Chairman;  Clark  Wisslbr; 
Laurence  V.  Coleman 

110  pages  6x9  Cloth,  gold  stamped 

Forty-seven  illustrations,  nearly  all  full  pages. 

PRICE,  NET  POST  PAID :  $3.00 

Order  from  your  bookseller  or  from  the  Publishers 

WILLIAMS  &  WILKINS  COMPANY 

Publisliers  of  Scientific  Journals  and  Books 
Baltimore,  Maryland,  U.  S.  A. 
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NUTRITION  PRODUCTS 


STANDARDIZED 


BY  THE  WHITE  RAT  METHOD 


To  conserve  the  time  of  investigators,  we  supply  the 
following  essential  food  factors  and  food  mixtures  to 
Universities  and  state  Departments,  Experiment  Sta- 
tions and  Laboratories  of  the  U.  S.  Government. 


Yeast  Vitumine — Harris — Vitamine-B,  concentrated  fraction,  from  Brewers' 
yeast,  described  by  Osborne  and  Wakeraan,  Jr.,  Biol.  Chem.,  Dec,  1919. 
Most  potent  preparation  of  Vitamine-B  available  for  feeding  experiments. 
Stimulates  the  appetite.  See: — Cowgill,  Proc.  Soc.  Exp.  Biol,  and  Med., 
1922,  xix,  282      Powder  or  Tablets. 

Yeast;  dried,  powdered — Fresh  Brewers'  yeast,  washed,  vacuum  dried,  pow- 
dered. Standardized  for  its  Vitamine-B  value.  See:  Evans  and  Bishop,  Jr., 
A.  M.  A.,  Sept.  15,  1923. 

Cod  Liver  Oil — Harris — Physiologically  standardized  for  its  fat-soluble-A  con- 
tent. Prevents  or  cures  Rickets.  Used  as  a  standardized  source  of  Vita- 
mine- A. 

Casein — Harris — Free  from  water-soluble,  Vitamine-B.  Standardized  by 
feeding  to  gro\A'ing  white  rats. 

Casein — Harris — ^Free  from  Vitamines  A  and  B  is  of  ver\^  high  purity,  both 
chemically  and  physiologically.  Chemically  analyzed  and  Biologically  stand- 
ardized. 

No  other  casein  of  this  quality  is  available. 

Complete  Rat  Food  Mixes,  standard  formulae 
Complete  inorganic  salt  mixes,     "  " 

Starches  and  fats,  free  from  all  Vitamines 

Write  for  full  list  of  Biological  Products, 
description,  chemical  analyses,  growth 
charts     Literature  on  the  Vitamines. 

THE  HARRIS  LABORATORIES 

Tuckahoe,  New  York 
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